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NATURAL  HISTORY. 


PROOF  OF  THE  THEO RT  OF  THE  EARTH 


ARTICLE  XI. 

OF  SEAS  AND  LAKES. 

HE  ocean  furrounds  the  earth  on  all  Tides 


and  penetrates  into  the  interior  parts  of 
different  countries,  often  by  large  openings, 
and  frequently  by  fmall  ftraits:  it  forms  medi- 
terranean Teas,  Tome  of  which  participate  of  its 
motions  of  flux  and  reflux,  and  others  feem 
to  have  nothing  in  common  with  it  except  the 
continuity  of  water.  We  fhall  follow  the 
ocean  through  all  its  extent  and  windings,  enu- 
\ol.  ii.  B merating 
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merating  at  the  fame  time  all  the  mediter- 
ranean feas,  and  endeavour  to  diftinguilh  them 
from  thofe  which  fhould  be  only  called  bays, 
or  gulphs,  and  lakes. 

The  fea  which  wafhes  the  weftern  coafts  of 
France  forms  a gulph  between  Spain  and 
Britain  ; this  gulph,  which  mariners  call  the 
Bay  of  Bifcay,  is  very  open,  and  the  point 
which  projedts  fartheft  inland  is  between 
Bayonne  and  St.  Sebaftian  ; another  great  pro- 
jection is  between  Rochelle  and  Rochefort, 
this  gulph  begins  at  Cape  Ortegal,  and  ends 
at  Breft,  where  a ftrait  commences  between 
the  fouth  point  of  Britain  and  Cape  Lizard  ; 
this  ftrait,  which  at  firft  is  very  large,  forms 
a fmall  gulph  in  Normandy,  the  moft  project- 
ing point  of  which  is  at  Auranche  : it  con- 
tinues pretty  broad  until  it  comes  to  the  chan- 
nel at  the  foot  of  Calais,  where  it  is  very  nar- 
row ; afterwards  it  grows  broader  on  a fudden 
and  ends  between  the  Texel  and  the  coaft  of 
England  at  Norwich  ; at  the  Texel  it  forms  a 
fmall  mediterranean  feâ,  called  Z uyder-zeey 
and  many  other  great  canals,  which  are  not 
very  deep. 

After  that  the  ocean  forms  a great  gulph 
called  the  German  Ocean,  it  begins  at  the 
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northern  point  of  Scotland,  runs  along  the 
eaftern  coails  of  Scotland  and  England  as  far 
as  Norwich,  from  thence  to  the  Texel,  along 
the  coails  of  Holland  and  Germany,  Jutland, 
Norway,  and  above  Bergen.  This  gulph  might 
be  taken  for  a mediterranean  fea,  becaufe 
the  Orkney  iflands  partly  fhut  up  its  opening 
and  feern  to  be  directed  as  if  they  were  a con- 
tinuation of  the  mountains  of  Norway.  It 
forms  a large  lirait,  which  begins  at  the 
fouthern  point  of  Norway  and  continues  very 
broad  to  the  I Hand  of  Zetland,  where  it  nar- 
rows all  at  once,  and  forms  between  the  coails 
of  Sweden,  the  iflands  of  Denmark  and  J utland, 
four  fmall  ilraits  ; after  which  it  widens  to  a 
fmall gulph, the  moft projecting  point  ofwhich 
is  at  Lubec  : from  thence  it  continues  pretty 
broad  to  the  fouthern  extremity  of  Sweden, 
when  it  grows  broader  and  broader,  and  forms 
the  Baltic  fea,  which  is  a mediterranean,  ex- 
tending from  fouth  to  north  near  300  leagues, 
comprehending  the  gulph  of  Bothnia,  which  is 
in  fad  only  a continuation  of  it.  This  fea  has 
two  more  gulphs,  that  of  Livonia,  whofe  moil 
projeding  point  is  near  Mittau  and  Riga,  and 
that  of  Finland,  which  is  an  arm  of  the  Baltic, 
extending  between  Livonia  and  Finland  to  Pe- 
B 2 teriburgh 
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terfburgh,  and  communicating  with  the  lake 
Ladoga,  and  even  with  the  lake  Onega,  which 
communicates  by  the  river  Onega  to  the  White 
fea.  All  this  extent  of  water  which  forms  the 
Baltic  fea,  the  gulphsof  Bothnia,  Finland,  and 
Livonia  muft  be  looked  upon  as  one  great 
lake,  fupported  by  a great  number  of  rivers 
which  it  receives,  as  the  Oder,  the  Viftula, 
theNiemen,  the  Droine  in  Germany  and  Po- 
land ; other  rivers  in  Livonia  and  Finland  ; 
others  ftill  greater,  which  come  from  Lapland, 
Tornea,  the  Calis,  Lula,  Pithea,  Uma,  and 
many  others  that  come  from  Sweden.  Thefe 
rivers,  which  are  very  large,  are  more  than  40, 
including  the  rivers  they  receive,  which  cannot 
fail  of  producing  a quantity  of  water,  fufficient 
to  fupport  the  Baltic.  Befides  this  fea  has  no 
flux  nor  reflux,  although  it  is  very  narrow  and 
very  fait.  If  we  confider  alfo  the  bearing  of 
the  country,  and  the  number  of  lakes  and  mo- 
rafles  in  Finland  and  Sweden,  we  fhall  be  in- 
clined to  look  on  it  not  as  a fea,  but  as  a great 
lake  formed  by  the  abundance  of  waters  from 
the  adjacent  lands,  and  which  has  forced  a paf- 
fage  near  Denmark  into  the  ocean,  where  in 
fa£t,  according  to  the  account  of  mariners, 
they  ftill  continue  to  flow. 


From 
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From  the  beginning  of  the  gulf  which  forms 
the  German  fea,  and  which  terminates  above 
Bergen,  the  ocean  follows  the  coafts  of 
Norway,  Swedifh  Lapland,  North  Lapland, 
and  Mufcovy  Lapland,  at  the  eaftern  part  of 
which  it  forms  a large  ftrait  which  borders 
a mediterranean  called  the  White  fea,  which 
may  be  likewife  regarded  as  a great  lake  ; 
for  it  receives  1 2 or  13  rivers  all  very  con- 
fiderable,  and  which  are  more  than  fufficient 
to  fupport  it  ; its  water  is  but  a little  fait. 
Befides,  in  many  parts  it  is  very  near  com- 
municating with  the  Baltic  fea  ; it  has  even 
a real  one  with  the  gulph  of  Finland,  for, 
by  afcending  the  river  Onega,  we  come  to 
a lake  of  the  fame  name  ; from  this  lake 
Onega  there  are  two  rivers  of  communication 
with  the  lake  Ladoga  ; this  laft  communi- 
cates by  a large  arm  with  the  gulph  of  Fin- 
land ; and  there  are  many  parts  in  Swedifh 
Lapland,  the  waters  of  which  run  almofl  in- 
differently either  into  the  White  fea  or  the 
gulphs  of  Bothnia  and  Finland  ; and  all 
this  country  being  full  of  lakes  and  morales, 
the  Baltic  and  White  feas  feem  to  be  the  re- 
ceptacles of  its  waters,  and  which  afterwards 

difcharge 
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di (charge  themfelves  into  the  Frozen  and 
German  fea. 

Quitting  the  White  fea,  and  coafting  the 
ifland  of  Candenos  and  the  northern  coafts  of 
Ruftia,  the  ocean  forms  a fmall  arm  in  the  land 
at  the  mouth  of  the  river  Petzora.  This  arm, 
which  is  about  40  leagues  long  by  8 or  10 
broad,  is  rather  a mafs  of  water  formed  by  the 
river  than  a gulph  of  the  fea,  and  alfo  has  but 
little  faltnefs.  The  land  there  forms  a pro- 
jedting  cape,  terminated  by  the  fmall  iflands  of 
Maurice  and  of  Orange  ; and  between  this 
promontory  and  the  lands  which  border  the 
ftrait  of  Waigat  to  the  fouth,  there  is  a fmall 
gulph  about  30  leagues  depth  inland.  This 
gulph  belongs  to  the  ocean,  and  is  not  formed 
by  the  land  waters.  We  afterwards  meet  with 
Waigat’s  ftrait,  which  is  nearly  under  the 
70th  degree  of  north  latitude.  This  ftrait  is 
not  more  than  8 or  10  leagues  long,  and  com- 
municates with  the  fea  which  waters  the  nor- 
thern coafts  of  Siberia.  As  this  ftrait  is  fhut 
up  by  the  ice  the  greateft  part  of  the  year,  it  is 
very  difficult  to  get  into  the  fea  beyond  it. 
The  palfage  has  been  attempted  in  vain  by  a 
great  number  of  navigators,  and  thofe  who  for- 
tunately pafled  it  have  left  us  no  exadt  charts 

of 
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of  that  fea,  which  they  have  termed  the  Pacific 
Ocean.  All  that  appears  by  the  mod  recent 
charts,  and  by  Senex’s  globe  of  1733,  is,  that 
this  fea  might  be  entirely  mediterranean,  and  not 
communicating  with  the  great  fea  of  Tartary* 
for  it  appears  to  be  enclofed  and  bounded  on 
the  fouth  by  the  country  of  the  Samoides, 
which  is  at  prefent  well  known,  and  which 
extends  from  the  (traits  of  Waigat  to  the  river 
Jenifca  ; on  the  eaft  it  is  bounded  by  Jelmor^ 
land,  on  the  weft  by  Nova  Zembla  ; and  al- 
though we  are  not  acquainted  with  the  extent 
of  this  fea  to  the  north  and  north-eaft,  yet  as 
there  does  not  appear  any  interruption  of  the 
lands,  there  is  great  probability  of  its  being 
only  a mediterranean,  and  bounded  by  land  on 
that  fide  : v/hat  indeed  proves  this  is*  that  by 
leaving  Waigat’s  ferait  you  may  coaft  Nova 
Zembla  all  along  its  weftern  and  northern 
coafts  as  far  as  Cape  Defire  ; that  after  having 
paft  this  cape,  keeping  along  the  coaft  to  the 
eaft  of  Nova  Zembla,  you  arrive  at  a fmall 
gulph,  which  is  about  the  75th  degree*  and 
where  fome  Hollanders  paft  a dreadful  winter 
in  1596  ; that  beyond  this  gulph  the  country  of 
Jelmorland  was  difeovered  in  1664,  which  is 
only  a few  leagues  diftant  from  Nova  Zembla, 

fo 
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fo  that  the  only  land  which  has  not  yet  been 
difcovered  is  a fmall  fpot  near  this  little  gulph  ; 
and  this  part  is  perhaps  not  30  leagues  long  ; 
fo  that  if  the  Pacific  fea  communicated  with 
the  ocean  it  mull  be  at  this  little  gulph,  which 
is  the  only  way  by  which  they  can  join  ; and  as 
this  fmall  gulph  is  in  the  75th  degree,  even  if 
the  communication  fhould  exift,  we  mu  ft  al- 
ways keep  five  degrees  towards  the  north  to 
gain  the  great  fea.  It  is  evident,  therefore, 
that  if  we  would  acquire  the  northern  rout  to 
China,  it  would  be  much  better  to  pafs  by  the 
north  of  Nova  Zembla,  at  the  77th  or  78th  de- 
gree, where  the  Tea  is  more  open,  and  has  lefs 
ice,  than  to  attempt  the  road  through  the  icy 
lirait  of  Waigat,  with  the  uncertainty  of  get- 
ting out  of  this  fea,  which  there  is  fo  much 
reafon  to  believe  mediterranean. 

By  following,  therefore,  the  ocean  along  the 
coafls  of  Nova  Zembla  and  Jelmorland,  thefe 
lands  are  difcoverable  as  far  as  the  mouth  of 
Chotanga,  which  is  about  the  73d  degree,  be- 
yond which  there  is  an  unknown  coafl  of  about 
aoo  leagues  : we  have  only  an  account  of  them 
from  the  Mufcovites,  who  have  travelled  by 
land  into  thofe  climates  ; they  flate  the  country 
to  be  uninterrupted,  have  marked  out  the  rivers 
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in  their  charts,  and  called  the  people populi  pa - 
lati . This  interval  of  coafts,  ftill  unknown,  ex- 
tends from  the  mouth  of  Chotanga  to  that  of 
.Kauvoina,  in  the  66th  degree  of  latitude  : the 
ocean  there  forms  a bay,  whofe  moft  projefting 
point  in  land  is  at  the  mouth  of  the  Len,  which 
is  a very  confiderable  river.  This  bay  is  very 
open,  belongs  to  the  Tartarian  fea,  and  is  cal- 
led the  Linchidolin,  where  the  Mufcovites 
have  a whale  fiftiery. 

From  the  mouth  of  the  Len  we  may  follow 
the  coafts  of  Tartary  more  than  500  leagues 
towards  the  eaft,  to  a peninfula  inhabited  by 
the  Schelates.  This  is  the  moft  northern  ex- 
tremity of  Tartary,  and  is  fituate  about  the 
7 2d  degree  of  latitude.  In  this  500  leagues 
the  ocean  makes  no  interruption  by  bays  nor 
arms,  only  a confiderable  elbow  from  the  penin- 
fula of  the  Schelates  to  the  mouth  of  the  river 
Korvinea.  This  point  of  land  alfo  forms  the 
eaftern  extremity  of  the  old  continent,  and 
whofe  weftern  is  at  Cape  North  in  Lapland, 
fo  that  the  old  continent  has  about  1700 
leagues  northern  coafts,  comprehending  the 
finuofities  of  the  bays,  from  Cape  North  in 
Lapland  to  the  fartheft  point  of  land  belonging 
VOL.  II.  C tp 
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to  the  Schelates,  and  about  i 100  leagues  in  a 
ftraight  line. 

Let  us  now  take  a view  of  the  eaflern  coafts 
of  the  old  continent,  beginning  at  the  fartheft 
point  of  land,  which  the  Schelates  inhabit,  and 
deicending  towards  the  equator.  The  ocean 
at  firfl  forms  an  eibcwr  between  the  country  of 
the  Schelates,  and  the  land  inhabited  by  the 
people  called  Tfchutfchi,  which  projeffs  a con- 
fiderable  way  into  the  fea.  To  the  fouth  of 
this  land  it  forms  a fmall  bay,  called  the  Bay  of 
Su&oikret,  and  afterwards  another  fmaller  bay, 
which  projects  like  an  arm  40  or  50  miles  into 
Kamtfchatka  ; the  ocean  then  enters  into  the 
land  by  a long  lirait,  filled  with  many  fmall 
iflands  between  the  fouthern  point  of  Kamt- 
fchatka and  the  northern  point  of  JeiTo,  and 
forms  a great  mediterranean,  which  it  is  pro- 
per we  fhould  now  trace  throughout.  The  firft 
is  the  fea  of  Kamtfchatka,  in  which  is  a very 
confiderable  ifland,  called  Amour,  or  Love 
Ifland.  This  fea  has  an  arm  to  the  north-eaft; 
but  this  arm,  and  the  fea  of  Kamtfchatka  itfelf, 
might  pofTibly  be,  at  leaft  in  part,  formed  by 
the  rivers,  which  run  therein,  from  the  lands  of 
Kamtfchatka  and  from  Tartary.  Be  this  as  it 
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will,  the  fea  of  Kamtfchatka  communicates 
with  the  fea  of  Corea,  which  makes  the  fécond 
part  of  this  mediterranean  ; and  all  this  fea, 
which  is  more  than  600  leagues  in  length,  is 
bounded  upon  the  weft  and  north  by  Corea  and 
Tartary,  and  on  the  eaft  and  fouth  by  Kamtf- 
chatka, Jeffo,  and  Japan,  without  having  any 
other  communication  with  the  ocean  than  that 
of  the  fore-mentioned  lirait,  for  it  is  not  cer- 
tain whether  that  which  is  fet  down  in  fon  e 
maps  between  Japan  and  Jeftb  really  exifts  ; 
and  even  if  this  lirait  does  exift,  the  fea  f 
Kamtfchatka  and  Corea  will  Hill  be  regarded  as 
forming  a great  meditenanean,  divided  from 
the  ocean  on  every  fide,  and  could  not  be  taken 
for  a bay,  for  it  has  no  diredl  communication 
with  the  ocean  by  its  fouthern  lirait,  but  with 
the  fea  of  China,  which  is  rather  a mediter- 
ranean than  a gulph  of  the  ocean. 

It  has  been  obferved  in  the  preceding  ar- 
ticle, that  the  fea  had  a confiant  motion  from 
eaft  to  weft  ; and  that  confequently  the  great 
Pacific  Sea  made  continual  efforts  againft  the 
eaftern  countries  ; an  attentive  infpedlion  of 
the  globe  will  confirm  the  confequences  which 
we  have  drawn  from  this  obfervation  ; for  from 
Kamtfchatka  to  New  Britain,  difcovered  in 
C 2 1700 


12 


buffon’s 


1 700  by  Dampier,  and  which  is  in  the  4th  or 
5th  degree  in  the  fouth  latitude,  the  ocean  ap- 
pears to  have  wafhed  away  part  of  the  land  on 
thefe  coads  for  upwards  of  400  leagues,  and 
confequently  the  eadern  bounds  of  the  old  con- 
tinent formerly  extended  much  farther  than  at 
prefent;  for  it  is  remarkable,  that  New  Britain 
and  Kamtfchatka,  which  are  the  mod;  proje fling 
lands  towards  the  ead,  are  under  the  fame  me- 
ridian. All  countries  have  their  greated  extent 
from  north  to  fouth.  Kamtfchatka  reaches  at 
lead  160  leagues  from  north  to  fouth,  and  that 
point  which  is  wafhed  by  the  Pacific  Sea  on  the 
ead,  and  on  the  other  by  the  mediterranean  fea 
above  mentioned,  is  divided  in  the  direction 
from  north  to  fouth  by  a chain  of  mountains. 

After  thefe  the  lands  of  Jedo  and  Japan  form 
another  extent  of  land,  whofe  direction  is  alfo 
north  and  fouth,  extending  upwards  of  400 
leagues,  between  the  Great  Sea  and  that  of 
Corea.  The  chain  of  mountains  of  Jeffo,  and 
of  Japan,  cannot  fail  of  being  directed  from 
north  todouth,  fince  thefe  lands,  which  are  400 
leagues  in  this  direction,  are  not  more  than  50 
or  60  from  ead  to  wed.  Therefore  the  lands 
of  Kamtfchatka,  Jedo,  and  the  eadern  part  of 
Japan,  mud  be  regarded  as  contiguous,  and  di- 
rected 
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re&ed  from  north  tofouth.  Still  purfuing  the 
fame  direction,  after  having  pafled  Cape  Ava 
at  Japan,  we  meet  with  the  ifland  of  Barnevelt, 
and  three  other  iflands,  which  are  placed  in  the 
dire&ion  of  north  and  fouth,  and  extend  about 
ioo  leagues.  We  afterwards  meet  with  three 
other  iflands,  called  the  iflands  of  Callanos,  then 
the  Ladrones,  which  are  fourteen  or  fifteen  in 
number,  all  placed  in  the  fame  direction  from 
north  to  fouth,  and  altogether  occupying  a fpace 
of  more  than  300  leagues  in  this  direction,  by 
fo  trifling  a breadth,  that  its  greateft  does  not 
exceed  feven  or  eight  leagues  from  eaft  to  weft. 
It  therefore  appears  to  me  that  Kamtfchatka, 
Jeffo,  eaftern  Japan,  the  iflands  of  Barnevelt, 
the  Callanos,  and  the  Ladrones,  are  only  the 
fame  chain  of  mountains,  and  the  remains  of 
an  old  country,  which  the  ocean  has  at  one 
time  covered  and  gradually  retired  from.  All 
thefe  countries  in  fa£t  appear  to  be  only  moun- 
tains, and  the  iflands  to  be  their  points  or  peaks, 
while  the  low  lands  are  covered  with  the  ocean. 
What  is  related  in  Lettres  Edifiantes,  appears 
to  be  true,  and  that  in  fa£t  a quantity  of  iflands 
have  been  difcovered,  called  the  new  Phil- 
lipine  Iflands,  and  that  their  pofition  is  really 
fuch  as  is  given  by  Father  Gubien,  and  it  can- 
not 
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novt  be  doubted  but  that  the  mr.ft  eaftern  of 
thefe  iflands  are  a continuation  of  the  chain  of 
mountains  which  forms  the  Ladrones,  for 
thefe  eleven  eaftern  ifland?;  are  alb  placed  in 
the  fame  direction  from  north  to  fouth,  occu- 
pying a fpace  of  more  than  200  leagues  in 
length,  the  broadeft  of  which  is  not  more  than 
7 or  8 leagues  from  eaft  to  weft.  • 

Eut  if  thefe  conjectures  are  thought  too  pre- 
fumpiuous  on  account  of  the  great  intervals  be- 
tween the  iftands  bordering  on  Cape  Ava,  Ja- 
pan, and  the  Callanos,  and  between  thefe  iflands 
and  the  Ladrones,  and  between  the  Ladrones 
and  the  new  Phiilipines,  the  firft  of  which  is  in 
fa£t  about  160  leagues,  the  fécond  50  or  60, 
and  the  third  near  120,  I fliall  anfwer  that  the 
chains  of  mountains  often  extend  much  farther 
under  the  waters  of  the  fea,  and  that  thefe  in- 
tervals are  fmall  in  comparifon  of  the  extent 
of  land  which  thefe  mountains  in  the  above 
direction  prefent,  which  is  1100  leagues,  com- 
puting them  from  the  interior  part  of  Kamtf- 
chatka.  In  fhort,  if  we  wholly  rejeft  this 
idea,  as  to  the  quantity  of  land  the  ocean  mull 
have  gained  on  the  eaftern  coafts  of  the  conti- 
nent, and  on  that  fuite  of  mountains,  ftill  it 
mull  be  allowed  that  Kamtfchatka,  Jeffo, Japan, 
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the  iflands  Bongo,  Tanaxima,  thofe  of  Great 
Lequeo,  King’s  Ifland,  Formofa,  Vaif,  Baftia, 
Babuyane,  Lucca,  Mindano,  Gilolo,  &c.  and 
laftly,  Guinea,  which  extends  to  New  Britain, 
and  is  fituate  under  the  fame  meridian  as 
Kamtfchatka,  do  not  form  a continuation  of 
land  of  more  than  2200  leagues,  interrupted 
only  by  fmall  intervals,  the  greateft  of  which 
perhaps  is  not  more  than  20  leagues,  fo  that 
the  ocean  has  formed  in  the  lands  of  the  eaftern 
continent  a great  bay,  which  commences  at 
Kamtfchatka  and  ends  at  New  Britain.  This 
bay  is  interfperfed  with  many  iflands,  and  has 
every  appearance  of  having  been  gained  from 
the  land,  confequently  we  may  fuppofe,  with 
fome  probability,  that  the  ocean,  by  its  con- 
fiant motion  from  eaft  to  weft,  has  by  degrees 
acquired  this  extent  on  the  eaftern  continent, 
and  has  formed  mediterraneans,  fuch  as  Kamtf- 
chatka, Corea,  China,  and  perhaps  all  the 
Archipelago  ; for  the  earth  and  fea  are  there  fo 
blended  that  it  evidently  appears  to  be  an  inun- 
dated country,  of  which  we  only  fee  the  emi- 
nences and  high  lands,  while  the  lower  are  hid 
under  the  waters  of  the  ocean.  This  fuppoft- 
tion  appears  to  be  in  fome  meafure  confirmed 
by  the  water  being  more  lhallow  than  in  other 
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feas,  ancî  the  innumerable  iflands  refembling 
the  tops  of  mountains. 

If  we  particularly  examine  thefe  feas  we 
fhall  find  the  fea  of  China  forms  a very  deep 
bay  in  its  northern  part,  which  commences  at 
the  ifland  of  Fungma,  and  terminates  at  the 
frontier  of  the  province  of  Pekin,  about  50 
leagues  diftance  from  that  capital  of  the  Chi- 
nefe  empire.  This  bay,  in  its  moft  interior  and 
narroweft  part,  is  called  the  Gulph  of  Changi. 
It  is  very  probable  that  this  gulph,  and  a part  of 
the  fea  of  China,  have  been  formed  by  the 
ocean,  which  has  fubmerged  all  the  ancient 
country,  of  which  only  the  iflands  before-men- 
tioned are  now  to  be  feen.  In  this  fouthern  part 
are  the  bays  of  Tonquin  and  Siam,  near  which 
is  the  peninfula  of  Malacco,  formed  by  a long 
chain  of  mountains,  whofe  diredtion  is  from 
north  to  fouth,  and  the  Andaman  iflands,  ano- 
ther chain  of  mountains  in  the  fame  direction, 
and  which  appear  to  be  only  a fucceflion  of  the 
mountains  of  Sumatra. 

The  ocean  afterwards  forms  the  great  Gulph 
of  Bengal,  in  which  we  may  remark,  that  the 
peninfula  of  Indus  forms  a concave  curb  to- 
wards the  eaft,  nearly  like  the  great  bay  of  the 
eaftern  continent,  which  feems  to  have  been 
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alfo  produced  by  the  fame  motion  of  the  ocean 
from  eaft  to  weft.  In  this  peninfula  are  the 
mountains  of  Gates,  which  have  a direction 
from  north  to  fouth,  as  far  as  Cape  Comorin  ; 
and  the  illand  of  Ceylon  feems  to  have  been 
feparated  from  this  part  of  the  continent.  The 
Maldivia  iilandsare  only  another  chain  of  moun- 
tains, whofe  direction  is  alfo  the  fame.  After 
this  follows  the  Arabian  Gulph,  which  fends 
out  four  arms  into  the  country,  the  two  greateft 
on  the  weftern  fide,  and  the  two  fmalleft  on 
the  eaft.  The  firft  of  thefe  arms  on  the  eaft 
fide  is  the  bay  of  Cambaia,  which  is  not  above 
50  or  60  leagues  in  length  : this  receives  two 
very  confiderable  rivers,  viz.  the  Tapti  and 
the  Baroche,  which  Pietro  de  Valle  calls  the 
Mehi  : the  fécond  arm  towards  the  eaft  is  fa- 
mous for  the  velocity  and  height  of  its  tides, 
which  are  greater  than  in  any  other  part  of  the 
world,  and  which  extends  for  more  than  50 
leagues.  Many  rivers  fall  into  this  gulph,  as 
the  Indus,  the  Padar,  &c.  which  have  brought 
fo  great  a quantity  of  earth  and  mud  to  their 
mouths  as  toraife  the  bottom  almoft  to  a level, 
the  inclination  of  which  is  fo  gentle  that  the 
tide  extends  to  a very  great  diftance.  The 
firft  arm  on  the  weft  fide  is  the  Perfian  Gulph, 
vol.  11.  D which 
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which  fpreads  more  than  250  leagues  into  the 
land  ; and  the  fécond  is  the  Red  Sea,  which  ex- 
tends more  than  680,  computing  it  from  the 
ifland  Socotora.  Thefe  two  arms  fhould  be 
regarded  as  two  mediterranean  feas,  taking 
them  from  beyond  the  ftraits  of  Ormuz  and 
Babelmandel  : they  are  both  fubjedt  to  the 
tides,  but  this  is  occafioned  by  their  being  fo 
near  the  equator,  where  the  motion  of  the  tides 
is  much  greater  than  in  any  other  climate, 
and  befides  they  are  both  very  long  and  nar- 
row. The  motion  of  the  tides  is  more  rapid 
in  the  Red  Sea  than  in  the  Perfian  Gulph,  be- 
caufe  the  Red  Sea  is  near  three  times  longer 
and  quite  as  narrow.  The  Perfian  Gulph  does 
not  receive  any  river  whofe  motion  might 
oppofe  the  tides,  whereas  the  Red  Sea  re- 
ceives three  very  confiderable  ones  in  its 
mod  projedting  extremity.  It  appears  very 
apparently  that  the  Red  Sea  has  been  formed 
by  an  eruption  of  the  ocean,  for  the  bearing  of 
the  lands  are  exadtly  fimilar,  the  coafts  on  each 
fide  of  the  ftraits  follow  the  fame  diredtion, 
and  evidently  appear  to  have  been  cut  by  the 
waters. 

At  the  extremity  of  the  Red  Sea  is  that 
famous  neck  of  land  called  the  Ifthmus  of 
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Suez,  which  forms  a barrier  to  the  Red  Sea,  and 
prevents  its  communication  with  the  Medi- 
terranean. In  a preceding  article  we  noticed 
the  reafons  which  inclined  us  to  think  that  the 
Red  Sea  is  higher  than  the  Mediterranean,  and 
that  if  the  Ifthmus  of  Suez  was  cut,  an  inunda- 
tion and  an  augmentation  of  the  latter  might 
enfue.  To  which  we  fhall  fubjoin,  that  if 
even  it  fhould  not  be  agreed  that  the  Red  Sea 
is  higher  than  the  Mediterranean,  it  cannot 
be  denied  that  there  is  neither  flux  nor  reflux 
in  the  Mediterranean,  adjoining  to  the  mouths 
of  the  Nile,  and  that,  on  the  contrary,  in  the 
Red  Sea  the  tides  are  very  confiderable,  and 
raife  the  water  feveral  feet,  which  circumftance 
alone  would  fuffice  to  fend  a quantity  of  water 
into  the  Mediterranean  if  the  Ifthmus  was 
broken.  Befides  we  have  an  example  on  this 
fubjeft  quoted  by  Varenius,  who  fays  in  page 
ioo  of  his  Geography  : “ Oceanus  Germa- 
“ nicus,  qui  eft  Atlantici  pars,  inter  Frifiam 
“ & Hollandium  fe  effundens,  efficit  finum, 
i(m  qui  et  ft  parvis  fit  refpe&u  celebrium  finuum 
u maris,  tamen  & ipfe  dicitur  mare,  alluitque 
“ Hollandiæ  emporium  celeberrimum,  Am- 
u ftelodamum.  Non  procul  inde  abeft  lacus 
“ Harlemenfis,  qui  etiam  mare  Harlemenfe 
D 2 “ dicitur, 
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“ dicitur.  Hujus  altitudo  non  eft  minor  alti- 
“ tudine  finus  illins  Belgici,  quem  diximus, 
ii  & mittit  ramum  ad  urbcm  Leidam,  ubi  in 
t(  varias  foflas  divaricatur.  Quoniam  itaque 
“ nec  lacus  hie,  neque  finus  ille  Hollandici 
“ maris  inundant  adjacentes  agros  (de  naturali 
w conftitutione  loquor,  non  ubi  tempeftatibus 
€i  urgentur,  propter  quas  aggeres  fafti  funt) 
“ pater  inde,  quod  non  lint  altioresquam  agri 
iC  Hollandiæ.  At  vero  Oceanum  Germanicum 
“ elfe  altiorem  quam  terras  hafee,  experti  funt 
“ Leidenfes,cumfufcepiifentfolfam  feualveum 
u ex  urbe  fua  ad  Oceani  Germanici  littora, 
“ prope  Cattorum  vicum  perducere  (diftantia 
“ eft  duorum  miliiarium)  ut,  recepto  per 
u alveum  hune  mari,  polfent  navigationem 
“ inftituere  in  Oceanum  Germanicum,  & 
“ hinc  in  varias  terræ  regiones.  Verumenim- 
“ vero  cum  magnam  jam  alvei  portem  perfe- 
“ cilfent,  defiftere  coacti  funt,  quoniam  turn 
“ demum  per  obfervationem  cognitem  eft, 
“ Oceani  Germanici  aquam  elfe  altiorem 
“ quam  agrum  inter  Leidam  & litus  Oceani 
“ iftius  ; unde  locus  ille,  ubi  fodere  defierunt 
“ dicitur  Het  malle  Gat > Oceanus  itaque 

ci  Germanicus  eft  aliquantum  alt ior  quam 
<c  finus  ille  Hollandicus,  &c.”  Therefore, 
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as  the  German  Sea  is  higher  than  that  of  Hol- 
land, there  is  no  reafon  why  we  fhould  not  be- 
lieve the  Red  Sea  may  not  be  higher  than  the 
Mediterranean.  Herodotus  and  Diodorus  Se- 
culus  fpeaks  of  a canal  of  communication 
between  the  Nile,  the  Mediterranean,  and  the 
Red  Sea,  and  M.  De  Tille  publilhed  a map  in 
1704,  in  which  he  traces  one  end  of  a canal  to 
the  moft  eaftern  part  of  the  Nile,  and  which 
he  judges  to  be  a part  of  that  which  formerly 
joined  the  Nile  with  the  Red  Sea#. 

In  the  third  part  of  a book  entitled,  “ Con- 
noi  (Tance  de  T Ancien  Monde,  or  the  Knowledge 
of  the  Old  World,”  printed  in  1707,  we  meet 
with  the  like  fentiment  ; and  it  is  there  faid 
from  Diodorus  Seculus,  that  it  was  Neco, 
King  of  Egypt,  who  began  this  canal,  that 
Darius,  King  of  Perfia,  continued  it,  and  that 
it  was  finifhed  by  Ptolemy  II.  who  conducted  it 
as  far  as  the  city  Arfinoe,  and  that  it  could  be 
opened  and  fhut  when  they  found  it  needful. 
Without  defiring  to  deny  thefe  circumllances, 
I muft  own  that  to  me  they  appear  doubtful. 
I do  not  know  whether  the  violence  and  height 
of  the  tide  in  the  Red  Sea  would  not  be  necef- 
farily  communicated  to  this  canal  ; it  appears  to 

me 
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me  at  leaft,  that  it  would  have  required  great 
precautions  to  confine  the  waters  to  avoid  inun- 
dations, and  to  preferve  this  canal  in  good 
repair.  Though  hiftorians  aflert  that  this 
canal  was  undertaken  and  finifhed,  yet  they  do 
not  tell  us  the  length  of  its  duration  ; and  the 
remains,  which  are  pretended  to  be  even  now 
perceptible,  are  perhaps  all  that  was  ever  done 
of  it.  The  name  of  the  Red  Sea  has  been 
given  to  this  arm  of  the  ocean,  becaufe  it  has 
the  appearance  of  that  colour  in  every  part 
where  corals  or  madrepores  are  met  with  at  the 
bottom.  In  the  Hiftoire  general  des  Voyages, 
vol.  i.  pages  i()8and  199,  it  is  faid,  “ Before 
he  quitted  the  Red  Sea,  D.Jean  examined  what 
might  have  been  the  reafon  why  that  name  was 
given  to  it  by  the  ancients,  and  if  in  fa£t  this 
fea  differed  from  others  in  its  colour.  He 
knew  that  Pliny  had  given  feveral  opinions  on 
the  origin  of  this  name.  Some  derived  it  from 
a King  named  Erythros,  who  reigned  in  thofe 
parts,  and  which  in  the  Greek  language  figni- 
fies  Red.  Others  imagined  that  the  reflection 
of  the  fun  produced  a reddifh  colour  on  the 
furface  of  the  water,  and  others  that  the  water 
was  naturally  red.  The  Portuguefe,  who  had 
made  feveral  voyages  to  the  entrance  of  the 
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ftraits,  aflerted  that  all  the  coafts  of  Arabia 
were  very  red,  and  that  the  fand  and  duft, 
which  the  wind  carries  into  the  fea,  tinged  the 
water  of  the  fame  colour. 

D.  Jean,  who  examined  the  nature  of  the 
water,  and  the  qualities  of  the  coafts  as  far  as 
Suez,  afierts,  that  far  from  being  naturally  red, 
the  water  is  of  the  fame  colour  as  in  other  feas^ 
and  that  the  fand  and  the  duft  having  nothing 
red  in  themfelves  could  not  give  this  tinge  to 
the  water.  The  earth  of  both  countries,  he 
fays,  is  generally  brown  ; it  is  even  black  in 
fome  places,  and  in  others  white.  On  the 
coafts  of  Suaquem,  where  the  Portuguefe  had 
not  penetrated,  he  faw  three  mountains  ftreak- 
ed  with  red,  but  they  were  of  a very  hard  rock, 
and  the  neighbouring  country  was  of  the  com- 
mon colour. 

“ The  truth  is,  that  this  fea  is  throughout 
of  an  uniform  colour,  which  is  eafy  to  be  de- 
monftrated  ; but  it  mull  alfo  be  owned,  that  in 
fome  parts  it  appears  to  be  red  through  chance, 
and  in  others  green  and  white  ; the  explana- 
tion of  which  phenomena  is  as  follows.  From 
Suaquem  to  Koflir,  that  is  for  the  fpace  of  136 
leagues,  the  fea  is  filled  with  fhoals  and  rocks 
of  coral  ; this  name  is  given  to  them,  by  reafon 

that 
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that  their  form  and  colour  renders  them  fo  ex- 
tremely like  coral,  that  it  requires  great  cir- 
cumfpedhion  not  to  be  deceived.  There  are 
two  forts  of  them,  the  one  white,  and  the  other 
red  ; in  many  parts  they  are  covered  with  a kind 
of  gum  or  glue,  of  a green,  and  in  others  with 
a deep  orange.  Now  the  water  of  this  fea  is  fo 
tranfparent  that  the  bottom  may  be  feen  at  20 
fathoms  deep,  efpecialiy  from  Suaquem  to  the 
extremity  of  the  gulph  ; it  appears  therefore 
to  take  the  colour  of  the  matters  it  covers  ; as 
for  example,  when  the  rocks  are  covered  with  a 
green  gum,  the  water  above  appears  of  a deeper 
green  than  the  rocks  themfelves;  and  when  the 
bottom  is  only  fand,  the  water  appears  white  : 
fo  likewife  when  the  rocks  are  coral,  the  wa- 
ter feems  to  be  tinged  with  red,  and  as  thefe 
lafl  coloured  rocks  are  more  frequently  met 
with  there  than  any  other,  D.  Jean  concludes 
that  the  name  of  the  Red  Sea  was  affixed  to 
the  Arabian  Gulph  in  preference  to  the  Green 
or  White . He  applauds  himfelf  on  this  difco- 
very,  becaufe  the  method  by  which  he  afeertain- 
ed  it  left  him  no  room  for  doubt.  He  caufed 
a float  to  be  moored  againfl;  the  rocks  in  the 
parts  which  were  not  deep  enough  to  permit 
veflels  to  approach  them,  and  the  failors  could 

often 
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often  execute  his  orders  with  facility,  without 
the  fea  being  higher  than  the  ftomach  at  more 
than  half  a league  from  the  rocks.  The  greateft 
part  of  the  ftones  and  pebbles  they  drew  up,  in 
thofe  parts  where  the  water  appeared  red,  was 
alfo  of  that  colour:  in  the  water  which  appear- 
ed green,  the  ftones  were  green,  and  if  the  wa- 
ter appeared  white,  the  bottom  was  white  fand, 
without  any  other  mixture. ” 

The  direction  of  the  coaft  of  the  Red  Sea, 
from  Cape  Gordafu  to  the  Cape  of  GoodHope, 
is  pretty  equal  ; in  the  courfe  of  which  there 
are  no  bays,  excepting  an  arm  on  the  coaft  of 
Melinda,  that  might  be  fuppofed  as  belonging 
to  a large  one  provided  the  id  and  of  Madagafcar 
joined  the  continent,  which  moft  probably  was 
formerly  the  cafe,  notwithftanding  it  is  now 
divided  by  the  ftraits  of  Mofambique.  The 
coaft  bears  the  fame  direction  from  the  Cape  of 
Good  Hope  to  Cape  Negro  on  the  weft  fide  of 
Africa;  it  has  the  appearance  of  being  a chain 
of  high  mountains,  extends  about  500  leagues, 
but  contains  fcarcely  any  rivers  of  importance. 
Beyond  Cape  Negro  however  the  land  is  much 
lower,  and  is  fupplied  by  feveral  confiderable 
rivers  befide  the  Coanza  and  the  Zaire  ; and 
between  that  and  Cape  Gonfalvez,  which  is 
vol.  11.  E computed 
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is  computed  to  be  about  420  leagues,  there  are 
the  mouths  of  no  lefs  than  twenty-four  large 
rivers  ; from  this  laft  Cape  to  Cape  Trois- 
pointes  it  is  an  open  bay,  in  about  the  centre  of 
which  is  a confiderable  projection  called  Cape 
Formofa.  On  the  fouthern  fide  are  the  iflands 
Fernanda,  St.  Thomas,  and  the  Prince’s  Ifland, 
and  which  there  is  reafon  to  fufpeCt  are  part  of 
a chain  of  mountains  from  Rio  del  Rey  to  the 
river  Jamoer.  The  water  turns  fomewhat  into 
the  land  between  Cape  Trois-pointes  to  Cape 
Palmas,  from  the  latter  of  wThich  it  is  an  open 
fea  to  CapeTangrin  ; beyond  this  Cape  there  is 
a fmall  bay  towards  Sierra  Leona,  and  another 
in  which  are  the  iflands  of  Bifagas.  We  then 
come  to  a confiderable  projection  into  the  ocean 
called  Cape  Verd  ; of  which  the  iflands  of  that 
name  are  fuppofed  to  be  a continuation,  al- 
though it  is  more  probable  they  are  fo  of  Cape 
Blanc,  which  is  both  higher  and  extends  far- 
ther into  the  fea.  From  Cape  Blanc  to  Cape 
Bajador  is  a mountainous  and  hard  coaft  to 
which  the  Canary  Iflands  feem  to  belong. 

Turning  from  Africa  we  find  an  open  bay 
extending  to  Portugal  and  in  about  the  centre  of 
which  are  the  ftraits  of  Gibraltar,  through  which 
the  water  runs  with  great  rapidity  into  the  Me- 
diterranean, 
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diterranean,  which  flows  almoft  900  leagues 
into  the  interior  part  of  land,  and  is  the  caufe 
of  many  curious  circumftances  ; firft  it  has  no 
tides,  at  lead  that  are  vifible,  excepting  in  the 
Gulph  of  Veniceand  what  are  almoft  impercep- 
tible at  Marfeilles  and  at  Tripoli  ; 2dly,  it  fur- 
rounds  a number  of  extenfive  iflands,forinftance, 
Sardinia,  Sicily,  Corfica,  Cyprus,  Majorca,  and 
Italy,  which  is  the  largeft  known.  It  has  alfo 
a fertile  Archipelago  ; indeed  it  is  from  the  Me- 
diterranean Archipelago  that  all  collections  of 
iflands  have  been  fo  denominated  ; this  indeed 
has  the  appearance  of  belonging  more  to  the 
Black  Sea  than  the  Mediterranean  ; nor  is  it  in 
the  leaft  unlikely  that  Greece  was  at  one  time 
covered  with  the  waters  of  the  Black  Sea,  which 
empties  itfeif  into  the  Marmora,  and  from 
thence  finds  its  way  into  the  Mediterranean. 

Some  have  aflerted  there  vyas  a double  current 
in  the  Straits  of  Gibraltar,  the  one  fuperior, 
which  carries  the  water  of  the  ocean  into  the 
Mediterranean,  and  the  other  inferior,  which 
carries  them  in  the  contrary  direction  ; but 
this  opinion  is  evidently  falfe,  and  contrary  to 
the  laws  of  hydroftatics  : it  has  likewife  been 
afferted  to  be  the  cafe  in  many  other  places,  as 
in  the  Bofphorus,  the  ftrait  of  Sund,  &c.  and 
E 2 Marfilli 
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Marfilli  relates  even  experiments  made  in  the 
Bofphorus,  to  prove  the  truth  of  thefe  oppofite 
currents  ; but  the  experiments  muff  have  been 
badly  made,  fince  the  matter  is  totally  repug- 
nant to  the  nature  and  motions  of  the  waters  ; 
befides  Greaves  in  his  Pyramidography,  page 
loi  and  102,  proves,  by  able  experiments,  that 
there  is  no  fuch  thing  as  a current  in  the  Bof- 
phorus,  whofe  direction  is  oppofite  to  the  fu- 
perior  : what  may  have  deceived  Marfilli  and 
others,  is  poflibly  the  circumftance,  that  in  the 
Bofphorus,  the  Straits  of  Gibraltar,  and  in  all 
rivers  which  flow  with  rapidity  , there  is  a con- 
fiderable  eddy  along  the  fhores,  the  direction 
of  which  is  generally  contrary  to  the  principal 
current  of  the  waters. 

Let  us  now  lhortly  trace  all  thecoafts  of  the 
new  continent,  Cape  Hold-with-Hope,  lying 
in  the  73d  degree  north  latitude,  is  the  moft 
northern  land  we  are  acquainted  with  in  New 
Greenland,  and  is  not  above  160  or  180  leagues 
diftant  from  Cape  North  in  Lapland.  From 
this  cape  we  may  follow  the  coaft  of  Greenland 
as  far  as  the  polar  circle,  where  the  ocean  forms 
abroadftrait  between  Iceland  and  Greenland. 
It  is  pretended  that  this  country,  adjacent  to  * 
Iceland,  is  not  the  ancient  Greenland  which 
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the  Danes  formerly  poffefled  as  a province  de- 
pendant on  their  kingdom  ; for  in  that  there 
were  civilized  chriftians,  who  had  bifhops, 
churches,  and  feveral  towns  wherein  they  car- 
ried on  their  commerce.  The  Danes  alfo  vifit- 
ed  it  frequently,  and  as  eafily  as  the  Spaniards 
can  go  to  the  Canaries:  there  ftill  exifts,  as  it  is 
aflerted,  laws  and  ordinances  for  the  govern- 
ment of  this  province,  and  thofe  not  very  an- 
cient : neverthelefs,  without  attempting  to  di- 
vine how  this  country  became  abfolutely  loft,  it 
is  certain  not  the  leaft  trace  of  what  we  have 
related  is  to  be  met  with  in  New  Greenland* 
The  people  are  wild  and  favage  ; there  is  no 
veftiges  of  any  edifice  ; nor  have  they  a word  in 
their  language  which  has  an  affinity  with  the 
Danifli  ; in  fhort,  there  is  nothing  which  might 
give  us  room  to  judge  that  this  is  the  fame 
country.  It  is  even  almoft  a defert,  and  fur- 
rounded  with  ice  for  the  greateft  part  of  the 
year.  But  as  thefe  lands  are  of  a vaft  extent, 
and  as  the  coafts  have  been  but  little  frequented 
by  modern  navigators,  they  may  have  miffed 
the  fpot  where  the  defendants  of  thefe  polifhed 
people  inhabit  ; or  the  ice  having  become  more 
abundant  in  this  fea,  may  prevent  any  approach 
to  the  fhore  near  them  : neverthelefs,  if  we  can 

rely 


3° 


buffgn’s 


rely  on  maps,  this  whole  country  has  been 
coafted,  and  according  to  them  it  forms  nearly 
a peninfula,  and  at  the  extremity  of  which  are 
the  two  ftraits  of  Forbifners  and  of  Friefland, 
where  it  is  extremely  cold,  although  they  are 
not  higher  than  the  Orkneys,  that  is,  at  60 
degrees. 

Between  the  weft  coaft  of  Greenland  and 
that  of  Labrador  the  ocean  forms  a gulph,  and 
afterwards  a large  mediterranean,  which  is  the 
coldeft  of  all  feas,  and  the  coafts  of  which  are 
not  perfectly  known.  By  following  this  trail 
due  north,  we  come  to  Davis's  Strait,  which 
leads  to  the  Chriftian  Sea,  and  is  terminated  by 
Baffin’s  Bay,  which  has  the  appearance  of  form- 
ing a kind  of  road  into  Hudfon’s  Bay.  Cum- 
berland Strait,  which  as  well  as  Davis's  may 
lead  to  the  Chriftian  Sea,  is  narrower  and  more 
liable  to  be  frozen  : that  of  Hudfon,  though 
much  more  to  the  fouth,  is  alfo  frozen  during 
one  part  of  the  year.  A very  ftrong  motion  of 
the  tide  has  been  remarked  in  thefe  /traits, which 
is  quite  contrary  to  what  is  the  cafe  in  the  inland 
feas  of  Europe,  as  neither  the  Baltic  nor  Me- 
diterranean have  any  : this  difference  feems  to 
arife  from  the  fea’s  motion,  which  always  mov- 
ing from  eaft  to  weft,  occafions  high  tides  in 
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the  Straits,  whofe  openings  are  turned  towards 
the  eaft  ; whereas  in  thofe  of  Europe,  which 
open  to  the  weft  there  is  no  motion  ; the  ocean 
by  its  general  motion  enters  into  the  firft,  and 
avoids  the  laft  ; and  this  is  the  reafon  that  there 
are  fuch  violent  tides  in  the  feas  of  China,  Co- 
rea, and  Kamtfchatka. 

Proceeding  from  Hudfon’s  ftrait  towards  La- 
brador, we  come  to  a narrow  opening,  in  which 
Davis,  in  15&6,  failed  as  far  up  as  30  leagues, 
and  trafficked  with  the  inhabitants,  but  no  one 
has  fi nee  attempted  a difeovery  of  this  arm  of 
the  fea,  and  we  are  only  acquainted  with  the 
country  of  the  Efquimaux  of  all  the  adjacent 
land.  The  fort  Pen  Chartrin  is  the  only  and 
the  moft  northern  habitation  of  this  country, 
which  is  feparated  from  the  iftand  of  New- 
foundland by  the  little  ftrait  of  Belleifle,  which 
is  not  much  frequented.  As  the  eaftern  coaft 
of  Newfoundland  is  in  the  fame  direction  as 
the  coaft  of  Labrador,  we  miift  regard  the  lat- 
ter as  a part  of  the  continent,  the  fame  as  Ifle- 
xoyal  appears  to  have  been  a part  of  Arcadia. 
There  is  no  very  confiderable  depth  either  on 
the  great  or  other  banks,  where  they  fiffi  for 
the  cod  ; but  as  they  liant  for  a diftance  under 
water,  very  violent  currents  are  produced. 

Between 
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Between  Cape  Breton  and  Newfoundland  is  a 
very  broad  Strait,  by  which  we  enter  a fmalt 
mediterranean,  called  the  Gulph  of  St.  Law- 
rence. This  fea  has  an  arm  which  extends  far 
into  the  country,  and  feems  to  be  only  the 
mouth  of  the  river  St.  Lawrence.  The  motion 
of  the  tides  is  extremely  plain  in  this  arm  of 
the  fea,  and  even  at  Quebec,  which  projeéts 
more  into  the  country,  the  waters  rife  feveral 
feet.  On  quitting  the  Gulph  of  Canada,  and 
following  the  coaft  of  Acadia,  we  meet  with  a 
fmall  gulph  called  Bofton-Bay,  which  forms  a 
fmall  fquare  inlet  into  the  land.  But  before 
we  trace  this  coaft  farther  it  is  juft  to  remark, 
that  from  Newfoundland  to  the  moft  project- 
ing Antille  ifland,  even  to  Guiana,  the  ocean 
forms  a very  great  bay,  which  reaches  as  far 
as  Florida,  at  leaft  500  leagues.  This  bay  of 
the  new  continent  is  fimilar  to  that  of  the  old, 
of  which  we  have  taken  notice,  where  the 
ocean,  after  having  made  a gulph  between 
Kamtfchatka  and  New  Britain,  afterwards 
forms  a vaft  mediterranean,  which  compre- 
hends the  feas  of  Kamtfchatka,  Corea,  China, 
&c.  fo  that  in  the  new  continent  the  ocean, 
after  having  formed  a great  gulph  between 
Newfoundland  and  Guiana,  forms  a very  large 
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mediterranean,  extending  from  the  Antilles  to 
Mexico,  which  confirms  our  obfervations  on 
the  motion  of  the  fea  from  eaft  to  weft,  for  it 
appears  that  the  ocean  has  equally  gained  on 
the  eaftern  coafts  of  America  and  Afia.  Thefe 
great  gulphs  in  the  two  continents  are  under 
the  fame  degrees  of  latitude,  and  nearly  of  the 
fame  extent. 

If  we  examine  the  pofition  of  the  Antilles, 
beginning  at  Trinidad,  which  is  the  moft 
fouth,  we  cannot  doubt  but  that  Tobago,  Tri- 
nidad, the  Grenades,  St.  Vincent,  Martinico, 
Mary  Galante,  Antigua,  and  Barbadoes,  with 
every  other ifland  adjacent,  atone  time  formed 
a chain  of  mountains,  whofe  direction  was 
from  fouth  to  north,  like  that  of  the  ifland  of 
Newfoundland,  and  the  country  of  the  Efqui- 
maux  ; afterwards  the  direction  of  the  Antilles 
is  from  eaft  to  weft,  beginning  at  Barbadoes, 
then  pafling  by  St.  Bartholomew,  Porto  Rico, 
St.  Domingo,  and  Cuba,  and  nearly  the  fame  as 
Cape  Breton,  Acadia,  and  New  England.  All 
thefe  illands  are  fo  adjacent  to  each  other  that 
they  may  be  looked  upon  as  an  interrupted 
traét  of  land,  and  as  the  fummit  of  an  over- 
flown country  now  pofleffed  by  the  fea.  Moft 
vol.  il.  F of 
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of  them  in  faft  are  only  points  of  mountains, 
and  the  fea  which  furrounds  them  is  a real  me- 
diterranean, where  the  motion  of  flux  and  re- 
flux is  fcarcely  more  fenfible  than  in  our  Medi- 
terranean, although  the  openings  they  prefent 
to  the  ocean  are  direétly  oppoflte  to  the  motion 
of  the  waters  from  eaft  to  weft,  which  muft 
contribute  to  elevate  the  tides  in  the  gulph  of 
Mexico  ; but  as  this  fea  is  very  broad,  the  flux 
and  reflux  communicated  to  it  by  the  ocean, 
difperfing  over  fo  large  a fpace,  becomes  al- 
moft  infenfible  at  the  coaft  of  Louifiana,  and 
many  other  places. 

The  old  and  new  continent  appear,  there- 
fore, both  to  have  been  encroached  upon  by 
the  ocean  in  the  fame  latitudes.  Both  have 
a vaft  mediterranean  and  a great  number  of 
iflands,  which  are  fituated  nearly  in  the  fame 
latitudes  ; the  only  difference  is,  that  the  old 
continent  being  much  broader  than  the  new, 
there  is  in  the  weftern  part  of  it  a mediterra- 
nean, of  which  nothing  fimilar  can  be  found 
in  the  new  ; but  it  appears  that  all  which  has 
happened  to  the  eaftern  countries  of  the  old 
world  has  alfo  happened  to  the  eaftern  part  of 
the  new,  and  that  the  greateft  revolutions  are 
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nearly  in  the  middle  and  towards  their  equa- 
tors, where  the  mod  violent  motion  of  the 
ocean  is  made. 

The  coafts  of  Guiana,  comprehended  be- 
tween the  mouth  of  the  river  Oioonoko  and 
the  Amazones,  prefents  nothing  remarkable, 
but  the  latter,  which  is  the  broadeft  in  the  uni- 
verfe,  forms  a confideirable  extent  of  water  near 
Coropa  before  it  arrives  at  the  fea,  by  the  two 
different  mouths  which  furround  the  ifland  of 
Caviana.  From  the  mouth  of  the  Amazones  to 
Cape  St.  Roche  the  coafl  runs  almoft  ftraight 
eaft  ; fiom  Cape  St.  Roche  to  St.  Auguftine 
it  runs  fouth,  and  trom  Cape  St.  Auguftine  to 
the  Bay  of  All  Saints  it  turns  towards  the 
weft,  fo  that  this  part  of  Brazil  forms  a con- 
fiderable  projection  in  the  fea,  which  direétly 
faces  a like  projection  of  land  in  Africa.  The 
Bay  of  All  Saints  is  a fmall.arm  of  the  ocean, 
running  about  50  leagues  into  the  land,  and  is 
much  frequented  by  navigators.  From  this 
bay  to  Cape  St.  Thomas  the  coafl:  runs  direCt 
fouth,  and  afterwards  in  a fouth-weft  direction 
as  far  as  the  mouth  of  the  Plata,  where  the  fea 
forms  an  arm  projecting  neaily  100  leagues 
into  land.  From  thence  to  the  extremity  of 
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America  the  ocean  forms  a great  gulph,  ter- 
minated by  the  adjacent  lands  of  Terra  del 
Fuega,  as  Falkland  Ifland,  Cape  Aflumption, 
and  the  land  difcovered  in  .671.  At  the  bot- 
tom of  this  bay  is  the  Straits  of  Magellan, 
which  is  the  longeft  in  the  world,  and  where 
the  tides  flow  extremely  high.  Beyond  Ma- 
gellan is  that  of  La  Maire,  which  is  (hotter, 
and  at  lait  Cape  Horn,  which  is  the  fouth  point 
of  America. 

We  muft  remark  on  the  fubjeél  of  thefe 
points  that  they  all  face  the  fouth,  and  mod 
of  them  cut  by  ftraits  which  run  from  eaft  to 
weft  • the  firft  is  that  of  South  America,  which 
faces  the  fouthern  pole5  and  is  cut  by  the  Strait 
of  Magellan  ; the  fécond,  that  of  Greenland, 
which  alfo  direÆtly  faces  the  fouth,  and  is  alfo 
cut  from  eaft  to  weft  by  Forbifher’s  Strait  ; 
the  third  that  of  Africa,  which  alfo  faces  the 
fouth  ; and  beyond  the  Cape  of  Good  Hope 
are  banks  and  fhoals,  that  appear  to  have  been 
divided  from  it  ; the  fourth,  the  peninfula  of 
India,  which  is  cut  by  a ftrait  that  forms  the 
ifland  of  Ceylon,  and  facing  the  fouth  like  all 
the  reft.  Hitherto  we  perceive  no  reafon  to  be 
given  for  this  fimiiarity,  and  can  only  remark 
luch  are  the  fa£ts. 
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From  Terra  del  Fuega,  all  along  the  weftern 
coaft  of  South  America,  the  ocean  very  confi- 
derably  penetrates  into  the  land  ; and  this  coaft 
feems  exaâly  to  follow  the  direction  of  the 
lofty  mountains  which  crofs  all  South  America, 
from  fouth  to  north,  from  the  equator  to  the 
Ar£tic  Pole.  Near  the  equator  the  ocean 
forms  a confiderable  gulph,  beginning  at  Cape 
St.  Francois,  and  reaching  as  far  as  Panama, 
the  famous  ifthmus,  which,  like  that  of  Suez, 
prevents  the  communication  of  the  two  feas, 
and  without  which  there  would  be  an  entire  re- 
paration of  the  old  and  new  continents.  From 
thence  to  California  there  is  nothing  remark- 
able. Between  the  latter  and  New  Mexico 
an  arm  branches  off,  called  Vermillion  Sea,  at 
leafl  200  leagues  in  length.  In  fliort,  the 
weftern  coafts  of  California  have  been  followed 
to  the  43d  degree,  at  which  latitude  Drake, 
who  was  the  firft  that  made  the  difcovery  of 
the  land  to  the  north  of  California,  and  who 
called  it  New  Albion,  was  obliged,  through 
exceffive  cold,  to  change  his  courfe,  and  to  an- 
chor in  a fmall  bay  which  bears  his  name,  fo 
that  thefe  countries  have  not  been  difcovered 
beyond  the  43d  and  44th  degree  any  more  than 
the  lands  of  North  America  beyond  Moo- 
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zemlaki  under  the  48th  degree,  and  the  Aflini- 
boils  under  the  51ft.  The  country  of  the  firft 
favages  extends  much  more  to  the  weft  than  ftie 
eaft.  AH  be  yond,  throughout  an  extent  ot  more 
than  1000  leagues  in  length,  and  as  manv  in 
breadth,  is  unknown,  excepting  what  the  Ruf- 
fians pretend  to  have  dilcovered  in  their  ex- 
coriions from  Kamtfchatka  to  the  eaftein  part 
ot  North  America. 

The  ocean,  therefore,  furrounds  the  whole 
earth  without  any  interruption,  and  the  tour  of 
the  globe  may  be  made  from  the  fouth  point  of 
America;  but  it  is  not  yet  knowrn  whether  the 
ocean  furrounds  the  northern  part  of  the  globe 
in  the  like  manner  ; and  all  mariners  who  have 
attempted  to  go  from  Europe  to  China  by  the 
north-eaft  or  north- well;  have  alike  mifearried 
in  their  enterprifes. 

The  lakes  differ  from  the  mediterraneans  ; 
the  firft  do  not  receive  any  water  from  the 
ocean  ; on  the  contrary,  if  they  have  com- 
munication with  the  feas  they  furnifh  them 
with  wrater.  Thus  the  Black  Sea,  which  fome 
geographers  have  regarded  as  an  arm  of  the 
Mediterranean,  and  confequently  as  an  appen- 
dix of  the  ocean,  is  only  a lake,  becaufe  in 
place  of  receiving  water  from  the  Mediterra- 
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nean  it  fupplies  it  with  fome,  and  flows  with 
rapidity  through  the  Bolphorus  into  the  lake 
called  the  Sea  of  Marmora,  and  from  thence 
through  the  Strait  of  the  Dardanelles  into  the 
Grecian  Sea.  The  Black  Sea  is  about  250 
leagues  long  by  100  broad,  and  it  receives 
a great  number  oi  rivers,  as  the  Danube,  the 
Nieper,  the  Don,  the  Boh,  the  Donjec,  &c. 
The  Den,  which  unites  with  the  Donjec, 
forms,  before  it  arrives  at  the  Black  Sea,  a 
lake,  called  the  Palus  Meotis,  which  is  more 
than  100  leagues  in  length  by  20  or  25  broad. 
The  fea  ot  Marmora,  which  is  below  the 
Black  Sea,  is  a fmaller  lake  than  the  Palus 
Meotis,  being  not  more  than  50  leagues  long 
and  8 or  9 broad. 

Some  ancients,  and  among  the  reft  Diodorus 
Siculus,  have  alferted  that  the  Euxine  or  Black 
Sea  was  formerly  only  a large  river  or  lake, 
and  had  no  communication  with  the  Grecian 
fea  ; but  being  confiderably  increafed  with  time 
by  the  rivers  which  fell  into  it,  the  waters 
forced  a paflage  at  firft  on  the  fide  of  the 
Cyanean  iflands,  and  afterwards  on  the  fide 
of  the  Hellefpont.  This  opinion  appears  to 
be  very  probable,  and  the  operation  is  eafily 
explained  ; for  fuppofing  the  bottom  of  the 
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Black  Sea  was  formerly  lower  than  it  is  at  pre* 
fent,  then  the  rivers  which  come  into  it  would 
have  raifed  it  by  ihe  mud  and  fand  which  they 
brought  with  them,  until  the  furface  of  the 
water  became  higher  than  the  land,  when  con- 
fequently  it  would  have  forced  a paflage  for 
itfelf,  and  as  the  rivers  ftill  continue  to  bring 
fand  and  earth,  and  at  the  fame  time  the  quan- 
tity of  water  diminifhes  in  the  rivers,  in  pro- 
portion as  the  mountains  from  which  they  drew 
their  fources  are  lowered,  it  may  happen  in  a 
courfe  of  years  that  the  Bofphorus  will  be 
again  filled  up  ; but  as  thefe  effeéts  depend  on 
many  caufes,  it  is  fcarcely  pofiible  to  give  more 
than  mere  conjectures  thereon.  From  this 
teftimony  of  the  ancients,  Mr.  Tournefort,  in 
his  voyage  to  the  Levant,  fays,  on  ancient 
authority,  that  the  Black  Sea  receiving  the 
waters  of  a great  part  of  Europe  and  Afia, 
after  being  confiderably  increafed,  opened  itfelf 
a paffage  by  the  Bofphorus,  and  afterwards 
formed  the  Mediterranean,  or  fo  confiderably 
augmented  it,  that  it  became  a great  fea,  and 
forced  itfelf  a road  through  the  ftrait  of  Gib- 
raltar, by  which  the  ifland  of  Atalantis,  men- 
tioned by  Plato,  was  entirely  overflowed. 
This  opinion  has  no  foundation,  fince  we  are 
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certain  that  it  is  the  ocean  which  flows  into 
the  Mediterranean?  and  not  the  Mediterranean 
into  the  ocean.  Befides,  M.  Tournefort,  has 
not  combined  two  eflential  fadts,  both  of  which 
he  mentions  : the  firft  is,  that  the  Black  Sea 
receives  nine  or  ten  rivers,  not  one  of  which 
but  fupplies  it  with  more  than  the  Bofphorus 
throws  out  : and  the  fécond,  that  the  Medi- 
terranean does  not  receive  more  water  from  ri- 
vers than  the  Black  Sea,  although  it  is  feven 
or  eight  times  larger,  'and  that  what  the  Bof- 
phorus fupplies  it  with  does  not  make  the  tenth 
part  of  what  falls  into  the  Black  Sea,  how 
then  could  this  tenth  part  of  what  falls  into  a 
fmall  fea  have  formed  not  only  a larger  fea,  but 
have  alfo  fo  greatly  increafed  the  waters,  as  to 
have  broken  down  the  lands  at  the  lirait  of 
Gibraltar,  and  overflow  an  ifland  larger  than 
the  whole  of  Europe  ? It  is  eafy  to  perceive 
that  this  paflage  of  M.  Tournefort  has  not 
had  due  refledtion.  The  Mediterranean  re- 
ceives at  lead:  ten  times  more  water  from  the 
ocean  than  from  the  Black  Sea,  beçaufe  the 
Bofphorus  is  only  800  feet  broad  in  its  nar- 
rowed: part,  whereas  the  (Irait  of  Gibraltar  is 
more  than  5000,  and  that  even  fuppofing 
vol.  il.  G their 
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their  velocity  to  be  equal,  flill  the  depth  of  the 
ftraits  of  Gibraltar  is  by  far  the  greatefl. 

M.  de  Tournefort,  who  ridicules  Polybius 
on  his  predicting  that  the  Bofphorus  would  be 
filled  up  in  time, did  not  pay  fufficient  attention 
to  circumftances,  when  he  averted  that  event 
to  be  impoffible.  This  fea  receives  eight  or 
ten  great  rivers,  and  as  mod  of  them  bring  fand 
and  mud,  muft  it  not  gradually  be  choaked 
up  ? Muft  not  the  winds  and  the  natural  cur- 
rent of  the  waters  towards  the  Bofphorus,  con- 
vey thither  a part  of  thefe  matters?  It  is  there- 
fore very  probable  that  in  a courfe  of  time  the 
Bofphorus  will  be  filled,  when  the  water  of  the 
rivers  which  come  into  the  Black  Sea  fhall 
be  greatly  diminifhed  ; now  all  rivers  daily 
diminifh,  becaufe  the  vapours  collected  by  the 
mountains  being  the  firft  fources  of  rivers, 
their  quantity  muft  decreafe  as  the  mountains 
diminifh  in  height. 

The  Black  Sea  in  faCt  receives  more  water 
from  rivers  than  the  Mediterranean  ; and  the 
fame  author  obferves,  “ the  greatefl  rivers  in 
Europe  fall  into.the  Black  Sea,  by  means  of  the 
Danube,  in  which  the  rivers  of  Suabia,  Fran- 
conia, Bavaria,  Auftria,  Hungary,  Moravia, 

Corinthia, 


NATURAL  HISTORY. 


43 


Corinthia,  Croatia,  Bothnia,  Servia,  Tranfil- 
vania,  Wallachia,  empty  themfelves  ; thofe  of 
Black  Ruffia  and  Podolia  go  into  the  fame  fea 
by  theNiefter  ; thofe  of  the  fouthern  andeaftern 
parts  of  Poland,  of  the  northern  parts  of  Muf- 
covy,  and  the  country  of  the  Coflacks  enter 
therein  by  the  Nieper  or  the  Borifthenes  ; the 
Tanais  and  Copa  alfo  fall  into  the  Black  Sea 
by  the  Cimmerian  Bofphorus  ; the  rivers  of 
Mingrelia,  of  which  Phafis  is  the  principal, 
alfo  voids  itfelf  into  the  Black  Sea,  as  does  the 
Cafalmac,  the  Sangaris,  and  other  rivers  of 
Afia  Minor  which  have  their  courfe  towards 
the  north  ; neverihelefs  the  Thracian  Bof- 
phorus, which  is  the  only  outlet  from  it,  is  not 
comparable  to  any  of  thefe  great  rivers. ” 

Thefe  fa£ts  prove,  that  evaporation  alone 
carries  off  a very  confiderable  quantity  of  water, 
and  it  is  from  this  great  evaporation  from*  the 
Mediterranean  that  the  ocean  continually  flows 
thither  through  the  ftraits  of  Gibraltar.  It  is 
difficult  to  efiimate  the  quantity  of  water  any 
fea  receives  ; we  fhould  be  acquainted  with  the 
breadth,  depth,  and  rapidity  of  all  the  rivers 
which  enter  therein,  how  much  they  increafe 
and  diminifh  in  the  different  feafons  of  the  year* 
^nd  how  much  it  lofes  by  evaporation^  the 
G 2 ~ laft 
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lad  of  which  is  moft  difficult  ; for  even  fuppo- 
fing  it  proportional  to  the  furfaces,  it  mufl  be 
more  confiderable  in  a hot  than  in  a cold  cli- 
mate ; befides,  water  mixed  with  fait  and 
bitumen,  evaporates  more  (lowly  than  frefh 
water  ; a troubled  fea  more  quickly  than  one 
that  is  tranquil  ; and  the  difference  of  deptji 
has  alfo  fome  effeft:  in  (hort,  fo  many  circum- 
ftances  enter  into  this  theory  of  evaporation 
that  it  is  fcarcely  poffible  to  calculate  any 
exa£t  eftimations  on  it. 

The  water  of  the  Black  Sea  appears  to  be 
lefs  clear,  and  lefs  faline  than  that  of  the  ocean. 
There  are  no  iflands  in  it  and  its  tempefts  are 
more  violent  and  more  dangerous  than  in  the 
ocean,  beeaufe  the  whole  body  of  its  waters 
being  contained  in  a bafon,  which  has  but  a 
fmall  outlet  when  they  are  agitated,  they  have 
a kind  of  whirling  motion,  which  (trikes  the 
veffels  on  every  fide  with  an  infupportable 
violence. 

Next  to  the  Black  Sea  the  greateft  lake  in 
the  univerfe  is  the  Cafpian  Sea,  whofe  extent 
in  length  from  north  to  fouth,  is  about  300 
leagues,  and  fcarcely  more  than  fifty  broad. 
This  lake  receives  the  Wolga  and  fome  other 
confiderable  rivers,  as  the  Kur,  the  Faie,  and 
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the  Gempo  ; but  what  is  fingular,  it  does  not 
receive  any  on  its  eaftern  fide.  The  country 
on  that  fide  being  only  a defert  of  land  almoft 
unknown.  Czar  Peter  I.  fent  fome  engineers 
there  to  defign  a chart  of  the  Cafpian  Sea,  who 
difcovered  that  its  figure  was  quite  different 
from  that  given  by  former  geographers,  who 
had  reprefented  it  to  be  round,  whereas  it  is 
very  long  and  narrow.  The  eaftern  coafts  of 
this  fea,  as  well  as  the  neighbouring  country, 
were  unknown  : even  the  exiftence  of  lake 
Aral,  which  is  ioo  leagues  diftant  from  it  to- 
wards the  eaft,  was  doubtful,  or  at  leaft  thought 
to  be  a part  of  the  Cafpian  Sea,  fo  that  before  the 
difcoveries  of  the  Czar,  there  was  unknown 
land  in  this  climate  upwards  of  300  leagues 
long  by  100  or  150  broad.  Lake  Aral  is 
nearly  an  oblong,  and  may  be  90  or  100 
leagues  long,  by  50  or  60  broad  : it  receives 
two  very  confiderable  rivers,  the  Sideroias  and 
the  Oxus,  but  as  well  as  theGafpian,  has  no 
outlet  for  its  waters  ; and  it  bears  the  further 
xefemblance,  for  as  the  Cafpian  receives  no 
river  on  the  eaft,  fo  lake  Aral  receives  none  on 
the  weft,  from  which  we  may  prefume,  that 
formerly  thefe  two  lakes  were  but  one,  and  that 
the  rivers  having  by  degrees  diminiftied,  left 
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a great  quantity  of  fand  and  mud,  and  which 
forms  the  country  that  now  divides  them. 
There  are  fome  fmall  iflands  in  the  Cafpian,  and 
its  waters  are  much  lefs  faline  than  thofe  of  the 
ocean  ; florms  are  here  very  dangerous,  and 
large  veflels  are  not  ufed  in  it  for  navigation, 
becaufe  it  has  many  fand  banks,  fhoais,  and 
rocks  fcattered  under  the  furface  of  the  water. 
Pietro  della  Valle  fays,  “ The  largeft  velfels 
employed  on  the  Cafpian  fea,  along  the  coafts 
of  Mazanda  in  Perfia,  where  the  town  of  Fer- 
habad  ftands,  although  they  are  called  fhips, 
appear  fmallerthan  our  Tartanes.  Their  Tides 
are  high,  and  they  draw  but  little  water, having 
a flat  bottom.  They  give  this  form  to  their 
Veflels  not  only  becaufe  this  fea  is  fhallow,  but 
becaufe  it  is  filled  with  fhoais  and  fand  banks  ; 
fo  that  if  the  veflels  were  not  fabricated  in  this 
manner  they  could  not  be  ufed  with  fafety. 
Indeed  I was  aftonifhed  why  at  Ferhabad  they 
fiih  only  for  falmon,  which  are  found  at  the 
mouth  of  the  river,  fome  poor  fturgeons  and 
other  fort  of  frefh  waterfifh,  of  little  value  : lat- 
tributed  the  caufe  of  it  to  their  ignorance  of  the 
arts  of  fifhing  and  navigation  until  the  Cham 
of  Efterabad,  whofe  refidence  is  at  a fea  port, 
informed  me  that  the  waters  are  fo  fhallow  20 
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or  30 leagues  from  Ihore,  that  it  was  impofîible  to 
call  their  nets  with  the  chance  of  taking  any 
filh,  and  that  it  was  for  this  reafon  they  give 
the  abovementioned  form  to  their  veffels,  which 
are  not  mounted  with  any  cannon,  as  but  few 
corfairsand  pirates  ever  vifit  this  fea. 

Struy  s and  other  travellers  have  aller  ted,  that 
in  the  neighbourhood  of  Kilan  there  were  two 
gulphs  wherein  the  waters  of  the  Cafpian  were 
ingulphed,  and  carried  afterwards  by  fubterra- 
nean  canals  into  the  Perfian  gulph.  De  Fer 
and  other  geographers  have  even  marked  out 
thefe  gulphs  in  their  maps,  neverthelefs  we 
are  allured  by  the  people  fent  by  the  Czar  that 
they  do  not  exift 

The  circumftance  of  willow  leaves  being 
feen  in  great  quantities  on  the  Perfian  gulph* 
and  which  are  fuppofed  by  the  fame  authors  to 
come  from  the  Cafpian  fea,  becaufe  there  are 
iio  fuch  trees  on  the  Perfian  gulph,  is  fully  as 
improbable  as  their  fubterraneous  gulphè,  and 
which  Gemelli  Careri,  as  well  as  the  Mufco- 
vites,  aflerts  are  entirely  imaginary  : in  fad, 
the  Cafpian  is  near  one  third  fmaller  than  the 
Black  Sea,  which  laft  alfo  receives  much  more 
water  by  rivers  than  the  former  : the  evapora- 
tion 
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tion,  therefore  is  fufficient  to  carry  off  all  its 
water  ; nor  is  it  necelfary  to  fuppofe  fubterra- 
neous  gulphs  in  the  Cafpian  any  more  than  in 
the  Black  Sea. 

There  are  lakes  which  do  not  receive  any 
rivers,  and  from  which  none  go  out.  There 
are  others  which  both  receive  and  difcharge,  and 
fome  that  only  receive  them.  The  Cafpian  Sea, 
lake  Aral,  and  the  Dead  Sea,  are  of  the  lad  kind, 
they  receive  the  waters  of  many  rivers  and  con- 
tain them.  In  Afia  Minor  there  is  a fmall  lake 
of  the  like  kind,  and  one  much  larger  in  Per- 
lia,  on  which  the  town  of  Marago  (lands  ; its 
figure  is  oval,  and  it  is  about  ten  or  twelve 
leagues  long,  by  fix  or  feven  broad;  it  receives 
the  river  Tauris,  which  is  not  very  confiderable. 
There  is  alfo  a fimilar  fmall  lake  in  Greece, 
about  12  or  15  leagues  from  Lepanto,  which 
are  the  only  lakes  of  that  kind  known  in  Afia. 
In  Europe  there  is  not  one  which  is  confi- 
derable ; in  Africa  there  are  many  fmall  ones, 
as  thofe  which  receive  the  rivers  Ghir,  Zez, 
Touguedout,  and  Tablet.  Thefe  four  lakes 
are  pretty  near  each  other,  and  fituate  to- 
wards the  frontiers  of  Barbary  near  the  deferts 
of  Zara  ; there  is  another  fituate  in  the  coun- 
try of  Kovar,  which  receives  the  river  of  Ber- 

doa. 


NATURAL  HISTORY. 


49 


doa.  In  North  America,  where  there  are 
more  lakes  than  in  any  other  part  of  the  world, 
not  one  of  this  kind  is  known,  at  lead  if  we 
except  two  fmall  colledtions  of  water  formed 
by  rivulets,  the  one  near  Guatimapo,  and  the 
other  fome  leagues  from  Realnuevo,  both  in 
Mexico.  But  in  South  America,  at  Peru, 
there  are  two  contiguous  lakes,  one  of  which 
lake  Titicaca  is  very  large,  and  receives  a river 
whofe  fource  is  not  very  remote  from  Cufco, 
and  from  which  no  river  iffues  : there  is  one 
fmaller  in  Tucuman,  which  receives  the  river 
Sala  ; and  another  larger  in  the  fame  coun- 
try, which  receives  the  river  Santiago,  and 
three  or  four  others  between  Tucuman  and 
Chili. 

The  lakes  which  receive  no  rivers,  and  from 
which  no  rivers  iffue,  are  greater  in  number 
than  thofe  juft  fpoken  of  ; thefe  lakes  are  kinds 
of  pools  where  the  rain  water  collefts;  or  may 
proceed  from  fubterraneous  waters  which  iffue 
in  form  of  fprings,  in  low  places,  where  they 
cannot  afterwards  find  any  drain.  The  rivers 
which  overflow  may  like  wife  leave  ftagnate 
waters  in  the  country,  which  may  remain  for 
a long  time,  and  only  be  replenithed  by  other 
inundations.  Thefea  has  often  inundated  lands 
V01.  il.  H and 
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and  formed  faline  lakes  therein,  like  that  at 
Harleim,and  many  others  in  Holland,  to  which, 
no  other  origin  can  be  attributed  ; or  by  lofing 
its  natural  motion,  might  quit  fome  land,  and 
leaving  wrater  in  the  lowed  places  may  have 
formed  lakes,  which  have  continued  to  be  fup- 
ported  by  rains.  In  Europe  there  are  many 
fmall  lakes  of  this  kind,  as  in  Ireland,  Jutland, 
Italy,  in  the  country  of  the  Grifons,  Poland, 
Mufcovy,  Finland,  and  in  Greece.  But  all 
thefe  lakes  are  very  inconfiderable.  In  Alia 
there  is  one  near  the  Euphrates,  in  the  defert 
of  Irac,  more  than  15  leagues  long  : another 
in  Perfia  nearly  of  the  fame  extent,  and  on 
which  the  towns  of  Kelat,  Tetuan,  Vaftan,  and 
Van  are  fituated  ; another  fmall  one  in  Chora- 
zan  near  Ferrior  ; another  in  Independent 
Tartary,  called  Lake  Levi  ; two  in  Mufcovy 
Tartary,  another  in  Cochinchina,  and  one  in 
China  very  large,  and  not  far  diftant  from 
Nankin  ; this  laft  neverthelefs  communicates 
with  the  adjacent  feaby  a canal  feveral  leagues 
in  length.  In  Africa  there  is  a fmall  lake  of 
the  fame  kind  in  the  kingdom  of  Morocco  ; 
another  near  Alexandria,  which  appears  to 
have  been  left  by  the  fea  ; another  very  con- 
fiderable  one  formed  by  the  rain  in  the  defert 
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Azarad,  about  the  30th  degree  latitude  ; this 
lake  is  eight  or  ten  leagues  long  ; another 
(till  larger  on  which  the  town  of  Gaoga  is 
fituate,  in  the  27th  degree  ; another  much 
fmaller,  near  the  town  of  Kanum,  under  the 
30th  degree  ; one  near  the  mouth  of  the  river 
Gambia  ; many  more  in  Congo,  about  the  2d 
or  3d  degree  of  fouth  latitude  ; two  more  in 
the  country  of  the  CafFrees,  one  called  the 
Lake  Rufumbo,  of  no  great  length,  and  ano- 
ther in  the  province  of  Arbuta,  which  is  per- 
haps the  greateft  lake  of  this  kind,  being  about 
25  leagues  in  length  by  feven  or  eight  in 
breadth  ; there  is  alfo  one  of  thefe  lakes  at 
Madagascar,  near  the  eaft  fide,  about  the  29th 
degree  of  fouth  latitude. 

In  America  there  is  one  of  thefe  lakes  in  the 
middle  of  the  peninfula  of  Florida,  in  its  centre 
is  an  ifland  called  Serope  ; the  lake  of  Mexico 
is  alfo  of  this  kind,  this  is  almoft  round, 
and  about  10  leagues  diameter  ; there  is  ano- 
ther ftill  larger  in  NeW  Spain,  25  leagues 
diftant  from  the  coafl:  of  Campeachy  Bay,  and 
another  fmaller  in  the  fame  country  near  the 
coafl:  of  the  South  Sea.  Some  travellers  have 
aiferted  that  there  was  in  the  inland  parts  of 
Guiana  a very  great  lake  of  that  kind,  it  is 
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called  the  Golden  Lake,  or  Lake  Parima. 
Th%y  have  related  furprifing  things  of  the 
riches  of  the  neighbouring  country,  and  of  the 
quantity  of  gold  dull;  that  is  found  in  this  lake. 
They  give  it  an  extent  of  more  than  400 
leagues  in  length,  and  125  in  breadth.  No 
river,  they  fay,  goes  out  nor  enters  therein  ; 
although  many  geographers  have  marked  this 
lake  in  their  maps,  it  is  not  probable  there  is 
any  fuch  exiiting. 

But  the  moft  general  and  largeft  lakes  are 
thofe  which  receive  and  give  rife  to  other  great 
rivers:  as  their  number  is  very  great  I lhall. 
fpeak  only  of  the  mofl  confiderable,  or  of  the 
moft  remarkable.  Beginning  at  Europe,  we 
have  in  Switzerland  the  lake  of  Geneva,  Con- 
fiance, &c.  ; in  Hungary,  the  lake  Balaton  ; in 
Lavonia,  a large  lake,  and  which  feparates  this 
province  from  Ruffia  ; in  Finland,  the  lake 
Lapwert,  which  is  very  long,  and  is  divided 
into  many  arms,  and  lake  Oula,  which  is  of  a 
round  figure  ; in  Mufcovy,  lake  Ladoga,  more 
than  25  leagues  long  by  above  12  broad.  Lake 
Onega  is  as  long,  but  not  fo  broad.  Lakes 
Ilmen  and  Belozo,  from  whence  ifilie  one  of 
the  fources  of  the  Wolga  ; the  Iwan-Ofero, 
from  whence  ifiues  one  of  the  fources  of  the 
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Don  : two  other  lakes  from  whence  the  Vit- 
zogda  derives  its  origin  ; in  Lapland,  the  lake 
from  which  ilfues  the  river  Kimi  ; another 
much  larger  near  the  coaft:  ofWardhus,  and 
many  others,  from  whence  ilfue  the  rivers 
Lula,  Pitha,  and  Uma.  Thefe  are  not  very 
confiderable.  In  Norway  two  more  of  nearly 
the  fame  fize  as  thofe  of  Lapland  : in  Sweden, 
lake  Vener,  which  is  as  large  a lake  as  Meier, 
on  which  Stockholm  is  fituated  ; and  two 
others  lefs  confiderable  ; one  is  near  Eveldal, 
and  the  other  near  Lincopin. 

In  Siberia,  in  Mufcovv,  and  in  Independent 
Tartary,  there  are  a great  number  of  thefe 
lakes,  the  principal  of  which  is  the  great  lake 
Baraba,  which  is  more  than  100  leagues  long, 
and  whole  waters  fall  into  the  Irtis  ; the  great 
lake  Eftraguel,  the  fource  of  the  fame  river  : 
many  other  fmaller,  the  fources  of  the  Jenifca; 
the  great  lake  Kita,  the  fource  of  the  Oby  ; 
another  larger,  the  fource  of  the,  Angara  ; lake 
Baical,  wdiich  is  more  than  70  leagues  long, 
and  is  formed  by  the  fame  river  Angara  ; lake 
Pehu,  from  which  ilfues  the  river  Urack,  &c* 
In  China  and  Chinefe  Tartary,  lake  Dalai, 
from  whence  ilfues  the  large  river  Argus, 
which  falls  into  the  river  Amour  ; the  lake  of 
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the  three  mountains,  the  fource  of  the  river 
Helum  ; the  lakes  Cinhal,  Cokmor,  and  So- 
rama,  the  fources  of  the  river  Honaho  ; two 
other  lakes  adjacent  to  the  river  Nankin,  &c. 
In  Tonquin,  lake  Guadag,  which  is  very  con- 
fiderable.  In  India,  the  lake  Chiamat,  from 
whence  iffues  the  river  Laquia,  adjacent  to  the 
fourçes  of  the  rivers  Ava,  Longenu,  &c. 
This  lake  is  more  than  40  leagues  broad  by 
50  long.  There  is  another  at  the  origin  of 
the  Ganges  ; and  one  bordering  on  Caihmere 
is  the  fource  of  the  river  Indus,  &c* 

In  Africa  is  lake  Cayar,  and  two  or  three 
others  adjacent  to  the  mouth  of  Senegal  river. 
Lakes  Guarda  and  Sigifmus  make  but  one 
lake,  of  a triangular  form,  about  100  leagues 
long  by  75  broad,  and  contain  a very  confi- 
derable  ifland.  In  this  lake  the  Niger  lofes  its 
name,  and  takes  that  of  Senegal,  in  the  courfe 
of  which,  towards  the  fource,  we  meet  with 
another  confiderable  lake,  called  Bournou, 
where  the  Niger  again  lofes  its  name,  for  the 
river  which  comes  therein  is  called  Gambaru. 
In  Ethiopia,  at  the  fources  of  the  Nile,  is  the 
great  lake  Gambia,  upwards  of  50  leagues 
long.  There  are  alfo  many  lakes  on  thecoaft 
of  Guinea,  which  appear  to  have  been  formed 
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by  the  fea,  and  there  are  only  a few  lefier  lakes 
in  the  remaining  part  of  Africa. 

North  America  may  be  (tiled  the  country  of 
lakes  ; the  greateft  are  lake  Superior,  upwards 
of  125  leagues  long  by  50  broad  ; lake  Hu- 
ron, upwards  of  100  leagues  long  by  40 
broad  ; lake  Illionois,  which  comprehending 
the  Bay  of  Puanto  is  quite  as  extenfive  as 
lake  Huron  ; lakes  Erio  and  Ontario,  together 
upwards  of  80  leagues  long,  from  20  to  25 
broad  ; the  lake  Miftafin,  to  the  north  of 
Quebec,  is  about  50  leagues  in  length  ; and 
lake  Champlain,  to  the  fouth  of  it,  is  nearly 
of  the  fame  extent  ; lake  Alemipigon,  and  the 
lake  Chriftinaux,  both  to  the  north  of  lake 
Superior,  are  alfo  very  confiderable  ; the  lake 
AfTmiboils  contains  many  iflands,  and  is  up- 
wards of  75  leagues  long  ; there  are  alfo,  in- 
dependent of  that  of  Mexico,  two  large  lakes 
in  that  country,  the  one  called  Nicaragua,  in 
the  province  of  that  name,  which  is  upwards 
of  70  leagues  long. 

In  South  America  there  is  a fmall  lake,  the 
fource  of  the  Maragnon,  and  another  larger 
which  is  the  fource  of  the  river  Paraguay  ; alfo 
the  lake  Titicares,  which  falls  into  the  river 
Plata,  two  fmaller  lakes  which  flow  into  the 
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fame  river,  and  fome  others  not  very  confix 
derable  in  the  inland  part  of  Chili. 

All  lakes  from  which  rivers  derive  their  ori- 
gin, thofe  which  fall  into  the  courfe  of  rivers, 
and  which  carry  their  water  thereto,  are  not  fait. 
Almoft  all  thofe,  on  the  contrary,  which  receive 
rivers  without  others  iffuing  thereout,  are  fait  ; 
this  feems  to  favour  the  opinion  that  the  falt- 
nefs  of  the  fea  arifes  from  the  faits  which 
rivers  walh  from  the  earth,  and  continually 
convey  into  it  ; for  evaporation  cannot  carry 
off  fixed  faits,  and  confequently  thofe  which 
rivers  carry  into  the  fea  remain  therein.  Al- 
though river  water  appears  to  tafte  frefh,  we 
well  know  that  it  contains  a fmall  quantity  of 
fait,  and  in  courfe  of  time  might  have  acquir- 
ed fuch  a confiderable  degree,  as  to  occafion 
the  prefent  faltnefs  of  the  fea,  and  which  muft 
ilill  continue  increafmg.  It  is  thus,  therefore, 
as  I imagine,  that  the  Black  Sea,  the  Cafpian, 
lake  Aral,  &c.  have  become  fait.  With 
refpe£t  to  lakes,  which  do  not  receive  any 
river,  nor  from  which  does  any  iiTue,  are  either 
frefh  or  fait  according  to  their  different  origins  ; 
thofe  near  the  fea  are  generally  fait,  and  thofe 
remote  from  it  are  frefh,  becaufe  the  one 
has  been  formed  by  the  inundations  of  the 

fea. 


NATURAL  HISTORY.  57 

fea,  and  the  others  proceed  from  fprings  of 
frefh  water. 

The  lakes  any  ways  remarkable  are  the 
Dead  Sea,  the  waters  of  which  contain  much 
more  bitumen  than  fait  : it  is  called  the  Bitu- 
men of  Judea,  but  is  no  other  than  the  Af- 
phaltes,  which  has  caufed  fome  authors  to  call 
it  the  Afphaltic  Lake.  The  lands  which  bor- 
der this  lake  contain  a great  quantity  of  this 
bitumen  ; and  many  have  fuppofed,  as  the  poets 
feign  of  lake  Avernus,  that  no  fifli  could  live 
therein,  and  birds  which  attempted  to  fly  over 
it  were  fuffocated  ; but  neither  of  'thefe  lakes 
produce  fuch  mortal  events  ; filh  live  in  both, 
birds  pafs  over  them,  and  men  bathe  therein 
without  the  leaft  danger. 

At  Boleflaw  in  Bohemia  there  is  faid  to  be 
a lake,  wherein  are  holes,  whofe  depth  is  un- 
fathomable, from  which  impetuous  winds  if- 
fue,  which  are  carried  over  all  Bohemia,  and 
in  winter  raife  pieces  of  ice  of  an  100  weight 
in  the  air. 

A petrified  lake  in  Iceland  is  alfo  men- 
tioned ; and  lake  Neagh  in  Ireland  has  alfo 
the  fame  property  ; but  thefe  petrifactions  are 
no  other  than  incruflations,  like  thofe  made  by 
the  water  of  Arcueil. 
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ARTICLE  XII. 

OF  THE  FLUX  AND  REFLUX. 


ATER  has  but  one  natural  motion  ; 


from  the  higher  into  the  lower  places,  unlefs  ob- 
ftru&ed  by  fome  intervening  obftacle.  When 
it  reaches  the  loweft  place  it  remains  there 
calm  and  motionlefs,  at  leaft  without  fome  fo- 
reign caufe  agitates  and  difturbs  it.  All  the 
waters  of  the  ocean  are  collected  in  the  loweft 
parts  of  the  furface  of  the  earth,  of  courfe  the 
motions  of  the  fea  muft  proceed  from  external 
caufes,  the  principal  of  which  is  the  flux  and 
reflux,  which  is  alternatively  made  in  a con- 
trary direction,  and  from  which  refults  a ge- 
neral and  continual  motion  in  the  fea  from  eaft 
to  weft.  Thefe  two  motions  have  a confiant 


like  other  fluids  it  always  defcends 
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and  regular  relation  with  the  motions  of  the 
moon.  When  the  moon  is  new,  or  at  the 
full,  this  motion  from  eaft  to  weft  is  more  fen- 
fible,  as  well  as  that  of  the  tides,  which  upon 
inoft  fhores  ebb  and  flow  every  fix  hours  and  a 
half  : that  it  is  always  high  tide  whenever  the 
moon  is  at  the  meridian,  whether  above  or  be- 
low the  horizon  of  the  place  ; and  low  tide 
when  the  moon  rifes  or  fets.  The  motion  of 
the  fea  from  eaft  to  weft  is  confiant  and  inva- 
riable, becaufe  the  ocean  in  its  flux  moves  from 
eaft  to  weft,  and  impels  towards  the  weft  a 
great  quantity  of  water,  and  the  reflux  feems 
to  be  made  in  a contrary  diredion,  by  reafon 
of  the  fmall  quantity  of  water  then  driven  to- 
wards the  weft  ; the  flux,  therefore,  muft  ra- 
ther be  regarded  as  a fwelling,  and  the  reflux 
as  a fubfiding  of  the  water,  which  inftead  of  its 
difturbing  the  motion  from  eaft  to  weft,  pro- 
duces and  continually  reftores  it,  although  in 
fa£l  it  is  ftronger  during  the  rife,  and  weaker 
during  the  fall,  from  the  above  reafon. 

The  principal  circumftances  of  this  motion 
are,  i.  That  it  is  more  fenfible  when  the 
moon  is  new,  or  at  the  full,  than  in  the  qua- 
dratures : in  fpring  and  in  autumn  it  is  alfo 
more  violent  than  at  any  other  time  of  the 
I 2 year  ; 
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year  ; and  it  is  weaker  in  the  folftices,  which 
is  occasioned  by  the  combination  of  the  aU 
tra&ion  of  the  moon  and  fun.  2.  The  wind 
often  alters  the  direction  and  quantity  of  this 
motion,  particularly  that  which  conftantly 
blows  from  the  fame  quarter.  It  is  the  fame 
with  refpeft  to  large  rivers  which  convey  their 
waters  into  the  fea  and  produce  a current 
there,  often  extending  feveral  leagues,  which  is 
ftrongeft  when  the  direction  of  the  wind  agrees 
with  the  general  motion.  Of  this  we  have 
an  example  in  the  Pacific  Ocean,  where  the 
motion  from  eaft  to  well  is  confiant  and  very 
perceptible.  3.  We  muft  remark  that  when 
one  part  of  a fluid  moves  the  whole  mafs  re- 
ceives the  motion  ; now  in  the  motion  of  the 
tides  a great  part  of  the  ocean  moves  in  a very 
fenfible  manner,  and  confequently  the  ocean 
is  agitated  by  this  motion  throughout  its  whole 
.extent. 

Perfectly  to  comprehend  this  we  muft  at- 
tend to  the  nature  of  the  power  which  pro- 
duces the  tides.  We  have  obferved  that  the 
moon  adts  upon  the  earth  by  a power  called  at- 
traétion  by  fome,  and  by  others  gravity  : this 
force  penetrates  through  the  globe,  is  exactly 
proportioned  to  the  quantity  of  matter,  and 
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decreafes  as  the  fquare  of  the  diftance  increafes. 
Let  us  next  examine  what  muff  happen  to  the 
waters  when  the  moon  is  at  the  meridian  of 
any  one  place. — The  furface  of  the  waters 
being  immediately  under  the  moon  is  then 
nearer  that  planet  than  any  other  part  of  the 
globe  ; hence  this  part  of  the  fea  muft  be 
elevated  towards  the  moon,  by  forming  an 
eminence,  the  fummit  of  which  muft  be  op- 
pofite  to  the  moon’s  centre  ; for  the  formation 
of  this  eminence  the  waters  at  the  bottom,  as 
well  as  at  the  furface,  contribute  their  fhare, 
in  proportion  to  thé  proximity  they  are  in  of 
the  moon,  which  ads  upon  them  in  the  in- 
verfe  ratio  of  the  fquares  of  their  diftances  : 
thus  the  furface  of  that  part  of  the  fea  is  firft 
raifed  ; the  furface  of  the  neighbouring  parts 
will  be  likewife  elevated,  but  to  a lefs  height, 
and  the  water  at  the  bottom  of  all  thefe  parts 
will  be  raifed  by  the  famecaufe;  fo  that  all 
this  part  of  the  fea  growing  higher  and  form- 
ing an  eminence,  it  is  neceflary  that  the  .water 
of  the  remote  parts,  and  on  which  this  force  of 
attraction  does  not  a (ft,  proceeds  with  precipi- 
tation to  replace  the  waters  which  are  thus 
elevated  and  drawn  towards  the  moon.  This 
is  what  produces  the  flux,  or  high  tide,  which 
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is  more  or  lefs  fenfible  on  different  coafts,  and 
which  agitates  the  fea  not  only  at  its  furface 
but  even  to  the  greatefl  depths.  The  reflux, 
or  ebb,  happens  afterwards  by  the  natural  in- 
clination of  the  water,  for  when  the  moon  no 
longer  ufes  its  power,  the  water  which  was 
railed  by  this  foreign  power  retakes  its  level, 
and  returns  to  the  fhores  and  places  it  had 
been  forced  to  quit.  When  the  moon  pafles 
to  the  antipode,  or  oppofite  meridian,  the  fame 
effedt  enfues,  though  from  a different  caufe. 
In  the  firft  cafe  the  waters  rife  becaufe  they  are 
nearer  the  planet  than  any  other  parts  of  the 
globe  ; and  in  the  fécond  it  is  from  the  con- 
trary reafon,  they  rife  becaufe  fhe  is  the  mofl 
remote  from  them,  and  this  it  is  eafily  per- 
ceived muff  produce  the  fame  effect,  for  the 
waters  of  this  part  being  lefs  attradled  than 
thofe  of  the  oppofite  hemifphere,  they  will 
naturally  recede  and  form  an  eminence,  the 
fummit  of  which  will  anfwer  to  the  point  of 
the  leaft  adtion  that  is  diredtly  oppofite  to  the 
moon’s  ftation,  or  where  fhe  was  thirteen 
hours  before.  When  the  moon  arrives  at  the 
horizon  the  tide  is  ebb,  the  fea  is  then  in  its 
natural  ffate,  and  the  water  in  a diredt  equili- 
brium ; but  when  fhe  is  at  the  oppofite  me- 
ridian 
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ridian  this  equilibrium  can  no  longer  exift, 
fince  the  waters  of  the  part  oppofite  to  the 
moon  being  at  the  greateft  diftance  pofiiblc 
from  her,  they  are  lefs  attracted  than  the  re- 
maining part  of  the  globe,  and  hence  their  re- 
lative weight,  which  always,  retains  them  in  an 
equilibrium,  impels  them  towards  the  oppofite 
point  to  the  moon.  Thus  in  the  two  cafes, 
when  the  moon  is  at  the  meridian  of  a place, 
or  at  the  oppofite  meridian,  the  water  mud  be 
raifed  nearly  to  the  fame  height,  and  confe- 
quently  fall  and  rife,  when  the  moon  is  at  the 
horizon  either  at  her  rifing  or  fetting.  Thus 
a motion,  fuch  as  we  have  juft  mentioned, 
necefiarily  difturbs  the  whole  mafs  of  the  fea, 
and  agitates  it  throughout  its  whole  extent  and 
depth  ; and  if  this  motion  appears  infenfible  in 
the  open  Teas,  it  is  neverthelefs  no  lefs  real  ; 
but  as  the  winds  cannot  ruffle  the  bottom  in  an 
equal  degree  with  the  furface,  the  motion  of 
the  tides  is  necefiarily  more  regular  there,  al- 
though directed  alternately  in  the  fame  man- 
ner as  at  the  top. 

From  this  alternative  motion  of  flux  and 
reflux  there  refults,  as  already  obferved,  a con- 
tinual motion  of  the  fea  from  eaft  to  weft,  be- 
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oaufe  the  moon,  which  produces  the  tides, 
proceeds  from  eaft  to  weft,  and  fueceftively 
aâing  in  the  fame  dire&ion,  the  water  follows 
hercourfe.  This  motion  is  moft  confiderable 
in  all  ftraits  ; for  example,  at  the  ftraits  of 
Magellan  the  water  rifes  nearly  20  feet,  and 
continues  fo  for  fix  hours,  whereas  the  reflux 
lafts  only  two  #,  and  the  water  runs  towards 
the  weft.  This  evidently  proves  that  the  re- 
flux is  not  equal  to  the  flux,  and  that  from 
both  there  refults  a motion  towards  the  weft, 
much  ftronger  in  the  time  of  the  flux  than  in 
that  of  the  reflux.  This  is  the  reafon  that  in 
open  feas,  remote  from  land,  the  tides  are  only 
felt  by  the  general  motion  of  the  waters  from 
eaft  to  weft. 

The  tides  are  ftronger  in  the  torrid  zone 
between  the  tropics  than  in  the  reft  of  the 
ocean  : they  are  alfo  more  fenfible  in  places 
which  extend  from  eaft  to  weft,  in  long  and 
narrow  gulphs,  and  on  the  coafts  where  there  are 
ifles  and  promontories.  The  greateft  known 
flux  is  at  one  of  the  mouths  of  the  river  Indus, 
where  the  water  rifes  thirty  feet.  It  rifes  alfo 
very  remarkably  near  Malays,  in  the  ftraits  of 

Sund, 
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Sund,  in  the  Red  Sea,  in  Nelfon’s  Bay,  at  the 
mouth  of  the  river  St.  Lawrence,  on  the  coafts 
of  China,  Japan,  Panama,  in  the  Gulph  of 
Bengal,  &c. 

The  motion  of  the  fea  from  eaft  to  weft  is 
more  fenfible  in  particular  places.  Mariners 
have  obferved  it  in  failing  from  India  to  Ma- 
dagafcar  and  Africa  : it  is  alfo  very  perceptible 
in  the  Pacific  Sea,  and  between  the  Malaccas 
and  Brazil  : but  this  motion  is  moft  violent  in 
the  ftraits  ; for  example,  the  waters  are  carried 
with  fuch  great  force  in  that  direction  through 
the  ftraits  of  Magellan,  that  it  is  felt  to  a great 
diftance  in  the  Atlantic  ; and  it  is  fuppofed 
that  this  caufed  Magellan  to  conjecture  there 
was  a ftrait  by  which  the  two  feas  had  a 
communication.  In  the  Manilla  ftraits,  and 
in  all  the  channels  which  divide  the  Maldivian 
iflands,  the  fea  flows  from  eaft  to  weft,  as  well 
as  in  the  gulph  of  Mexico,  between  Cuba  and 
Jucatan.  In  the  gulph  of  Patia  this  motion  is 
fo  violent  that  the  ftrait  is  called  the  Dragon’s 
Mouth.  In  the  Canadian  and  Tartarian  feas 
it  flows  alfo  with  violence,  as  well  as  in  the 
ftrait  of  Waigat,  through  which  it  conveys 
enormous  mafles  of  ice  into  the  northern  feas 
of  Europe.  The  Pacific  Ocean  flows  from  eaft 
vol.  11.  K to 
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to  weft  through  the  flraits  of  Java,  the  fea  of 
japan  flows  towards  China,  the  Indian  ocean 
flows  towards  the  weft,  through  the  ftraits  of 
Java  and  other  Indian  iflands  ; we  cannot, 
therefore,  doubt  that  the  fea  has  a confiant  and 
general  motion  from  eaft  to  weft,  and  it  is 
certain  the  Atlantic  flows  towards  America, 
and  that  the  Pacific  Sea  goes  from  it,  as  is 
evident  at  Cape  Current  between  Lima  and 
Panama. 

In  fhort,  the  alternatives  of  the  flux  and  re- 
flux are  regularly  made  in  fix  hours  and  a half 
on  moft  coafts,  though  at  different  hours,  ac- 
cording to  the  climate  and  pofition  of  the 
lands:  thus  the  fea  coafts  are  continually  beaten 
by  the  waves,  which  at  each  time  wafh  away 
fome  fmall  parts  of  their  matters,  which  they 
tranfport  to  a diftance  and  depofit  at  the  bot- 
tom of  the  fea  ; fo  likewife  the  waves  convey 
and  leave  on  the  lower  fhores  fhells,  fands,  &c. 
thefe  by  degrees  form  horizontal  ftrata,  which 
accumulating  become  downs  and  hills,  exaétly 
fimilar  to  others  both  as  to  form  and  internal 
compofition.  From  this  confiant  a£lion  the 
fea  naturally  fhuts  itfelf  out  from  the  loweft; 
coafts  and  gains  upon  the  higheft. 


To 
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To  give  an  idea  of  the  efForts  of  a troubled 
fea  againft  coafts,  I fliall  relate  a fact  which  has 
been  affirmed  to  me  by  a creditable  perfon,  and 
which  I the  readier  gave  credit  to,  having  feen 
fomething  nearly  fimilar.  In  the  principal 
iflands  of  the  Orkneys  there  are  coafts  compof- 
ed  of  rocks  perpendicularly  divided  to  the  fur- 
face  of  the  fea,  to  the  height  of  near  200  feet. 
The  tides  in  this  place  rife  very  confiderably, 
as  is  common  in  all  parts  where  there  are  pro- 
jecting lands  and  iflands  ; but  when  the  wind 
is  very  ftrong,  and  the  fea  fwells  at  the  fame 
time,  the  motion  is  fo  great,  and  the  agitation 
fo  violent,  that  the  waters  rife  to  the  fummit 
of  thefe  rocks  and  fall  again  in  the  form  of 
rain  : it  throws  to  this  great  height  gravel  and 
ftones  from  the  foot  of  the  rocks,  and  fome  of 
them  even  broader  than  the  hand. 

In  the  port  of  Livourne,  where  the  fea  is 
much  more  calm,  I faw  a tempeft  in  December, 
1 73 1 , wherein  they  were  obliged  to  cut  down 
the  mafts  of  fome  veflels  that  had  been  forced 
from  their  anchors  by  the  wind  and  driven  into 
the  road.  The  fea  fwelled  above  the  fortifica- 
tions, which  were  of  a confiderable  height,  and 
as  I was  on  one  of  the  moft  projecting  works, 
I could  not  regain  the  town  before  I was  wet- 
K 2 ted 
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ted  by  the  fea-water  much  more  than  Î could 
have  been  by  the  mod  plentiful  rain. 

Thefe  examples  are  fufficient  to  (hew  with 
what  violence  the  fea  a£ts  againft  fome  coafts. 
Thiscontinual  agitation deftroys  anddiminilhes 
by  degrees  the  land.  The  water  carries  away 
all  thefe  matters,  and  depoiits  them  as  foon  as 
it  arrives  at  a part  where  the  troubled  fea  fub- 
lides  into  a calm.  In  tempeftuous  weather 
the  water  is  foul,  from  the  mixture  of  matters 
detached  from  the  (hore  and  bottom  of  the  fea, 
which  then  calls  on  the  coafts  a number  of 
things  that  it  brings  from  a diftance,  and  which 
are  never  met  with  but  after  ftorms;  as  amber- 
greafe  on  the  weft  of  Ireland,  and  yellow  amber 
on  thofe  of  Pomerania,  cocoa-nuts  on  the 
coafts  of  India  &c.  and  fometimes  pumice  and 
other  lingular  (tones.  We  can  quote  on  this 
occafion  a circumftance  related  in  the  new 
travels  to  the  American  iflands.  “ Being  at 
St.  Domingo,  fays  the  author,  among  other 
things  they  gave  me  fome  light  (tones,  which 
the  fea  brought  to  the  coaft  when  there  had 
been  ftrong  foutherly  winds  ; there  was  one 
two  feet  and  a half  long  by  eighteen  broad, 
and  one  thick,  which  did  not  quite  weigh  five 
pounds  : they  were  as  white  as  fnow,  much 
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harder  than  pumice,  of  a fine  confiftency,  hav- 
ing no  appearance  of  being  porous,  but  when 
thrown  into  water  rebounded  like  a ball  thrown 
on  the  ground,  and  it  was  with  great  difficulty 
they  could  be  forced  under  the  water  with  the 
hand.”  This  (tone  mult  have  been  a very  fine 
and  clofe-grained  pumice,  which  had  ilfued 
from  fome  volcano,  and  w7hich  the  fea  had 
conveyed,  as  it  tranfports  ambergreafe,  cocoa- 
nuts,  common  pu  mice- {tone,  feeds  of  plants, 
rufhes,  &c.  Gbfei  valions  of  this  kind  have 
been  generally  made  on  the  coafts  of  Ireland 
and  Scotland.  The  fea  by  its  general  motion 
from  eaft  to  weft  muft  convey  the  productions 
of  our  coafts  to  thofe  of  the  American’s,  and 
it  is  by  fome  irregular  motions  that  the  pro- 
ductions of  the  Eaft  and  Weft  Indies,  as  well 
as  the  northern  climates,  are  brought  upon  our 
fhores.  There  is  a great  appearance  that  the 
winds  caufe  thofe  effeéts  ; large  fpots  have 
often  been  obferved  in  the  high  feas,  far  from 
fhore,  covered  with  pumice-ftones  : they  could 
only  come  from  the  volcanos  in  iflands  or  on 
the  continent,  and  which  the  current  had 
tranfported  to  the  middle  of  the  feas.  Before 
the  fouthern  part  of  America  was  known,  and 
in  the  time.when  the  Indian  fea  was  thought  to 
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have  no  communication  with  our  ocean,  ap-* 
pearances  of  this  kind  afforded  the  firft  fuppo- 
fition  of  it. 

The  alternative  motion  of  the  flux  and  reflux, 
and  the  confiant  motion  of  the  fea  from  eafl  to 
weft,  prefents  different  phenomena  in  different 
climates,  according  to  the  bearing  of  the  land 
and  the  heighth  of  the  coafts.  There  are  parts 
where  the  general  motion  from  eafl  to  weft  is 
not  perceptible  ; there  are  others  where  the  fea 
has  even  a contrary  motion,  as  on  the  coafl  of 
Guinea.  But  thefe  contrary  motions  are  occa- 
fionedby  the  winds,  by  the  pofition  of  the  lands, 
by  the  waters  of  large  rivers,  and  by  the  difpo- 
fition  of  the  bottom  of  the  fea  ; all  thefe  caufes 
produce  currents  which  alter,  and  often  change 
the  general  motion  in  many  parts  of  the  fea  } 
but  as  the  motion  from  eaft  to  weft  is  the  great- 
eft,  moft  general  and  confiant,  it  muft  alfo  pro- 
duce the  greateft  effe6ts,  and  all  taken  together, 
the  fea  muft  gain  ground  towards  the  weft,  and 
lofe  it  towards  the  eaft,  although  it  may  happen 
that  on  thofe  coafts  where  the  weft  winds  blow 
during  the  greateft  part  of  the  year,  as  in  France 
and  England,  the  fea  may  gain  on  the  eaft,  yet 
thefe  particular  exceptions  do  not  deftroy  the 
effect  of  the  general  caufe. 
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ARTICLE  XIU. 

OF  THE  INEQUALITIES  AT  THE  BOTTOM  OF  THE 
SEA,  AND  OF  CURRENTS. 


rT^HE  coafts  of  the  fea  may  be  diftinguifhed 
into  three  kinds,  ift.  The  elevated  coafts, 
which  are  rocks  and  hard  ftones,  generally 
divided  perpendicularly,  and  which  rife  fome- 
times  to  the  height  of  7 or  800  feet.  2d.  The 
low  coafts,  fome  of  which  are  almoft  level  with 
the  furface  of  the  water,  and  others  rifing  with 
a moderate  elevation,  often  bounded  by  rocks 
at  the  water’s  edge,  forming  fhelves  and 
breakers,  which  render  the  approach  to  (hore 
very  difficult  and  dangerous.  3<Jly . Downs, 
which  are  coafts  formed  by  fands  which  the 
fea  accumulates,  or  brought  and  depofited  by 
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rivers  ; thefe  downs  form  hills  more  or  lefs 
elevated,  according  to  the  accumulated  fand. 

The  coafts  of  Italy  are  bordered  by  feveral 
forts  of  marble  and  (lone  ; thefe  rocks  appear 
at  a diftance  as  fo  many  pillars  of  marble  per- 
pendicularly divided.  The  coafts  of  France 
from  Breft  to  Bourdeaux  are  almoft  furround- 
ed  with  rocks  juft  at  the  water’s  edge,  which 
occafion  ^dangerous  breakers.  The  coafts  of 
England,  Spain,  and  many  others,  are  alfo 
bordered  with  rocks  and  hard  ftone,  except- 
ing forne  parts  which  are  made  ufe  of  for  bays, 
ports,  and  havens. 

The  depth  of  water  along  the  coafts  is  in 
proportion  to  their  elevation.  The  inequa- 
lities at  the  bottom  of  the  fea  near  the  coafts, 
correfpond  alfo  with  the  inequalities  of  the 
furface  of  the  ground  along  the  fhore.  A ce- 
lebrated navigator  has  made  the  following  ob- 
fervations  on  this  fubjeft  : 

“ I have  conftantly  remarked  that  where 
the  coafts  are  defended  by  fteep  rocks,  the  fea 
is  there  very  deep,  and  feldom  affords  a pro- 
bability of  anchoring  ; and,  on  the  contrary, 
where  the  ground  inclines  from  the  coaft  to 
the  fea,  however  elevated  it  may  be  further 
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inland,  the  bottom  is  good  there,  and  confe- 
quently  admits  of  anchorage. 

“ According  to  the  declivity  of  land,  as  it 
approaches  the  water’s  edge,  fo  we  generally 
find  our  anchor  ground,  and  either  approach 
or  keep  at  a diftance  from  fhore  agreeable  to 
the  fteepnefs  of  the  land  ; for  I never  faw  nor 
heard  of  a coaft  where  the  land  is  of  a conti- 
nual height,  without  fome  vallies  lying  inter- 
mixed with  the  high  lands  ; they  are  the  fub- 
fiding  of  low  lands,  and  afford  good  anchoring, 
the  earth  being  lodged  deep  under  water  ; for 
this  reafon  it  is  we  find  good  harbours  upon 
coafts  which  abound  with  fteep  cliffs,  becaufe 
the  land  has  fubfided  between  them.  But  where 
the  declenfion  from  the  hills  is  not  within 
land  but  towards  the  main  fea,  as  at  Chili  and 
Peru,  and  the  coafts  are  nearly  perpendicular, 
as  in  the  countries  running  from  the  Andes,  it 
is  very  deep  and  has  fcarcely  any  creeks  or 
harbours.  The  coafts  of  Galticia,  Portugal, 
Newfoundland,  the  iflands  of  Juan  Fernando 
and  St.  Helena,  &c.  are  fomewhat  fimilar  to 
thofe  of  Peru,  yet  good  harbours  are  not  fo 
fcarce,  as  there  is  always  good  anchorage  where 
there  are  fliort  ridges  of  land.  In  general  the 
land  under  water  feems  to  be  exactly  pro- 
vol.  11.  L portioned, 
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portioned  to  the  riling  of  the  contiguous  part 
above,  and  therefore  where  the  land  upon  the 
fhores  are  deep,  there  is  but  little  fecurity  for 
fhips,  they  being  very  eafily  driven  from  their 
moorings  ; yet  although  deep  cliffs  denote  this 
difadvantage,  they  allure  us  of  this  benefit  alfo, 
that  we  can  fail  clofe  to  them  with  fafety,  be- 
fides  being  able  to  fee  them  at  a confiderable 
diftance  ; whereas  low  lands  are  frequently 
not  difcovered  until  we  are  near,  and  always 
experience  the  hazard  of  running  aground; 
This  fa6t  of  good  anchorage  where  the  lands 
on  the  coaft  are  low,  might  be  illuftrated  by 
many  inftances  in  the  bays  of  Campeachy, 
Honduras,  Panama  ; the  coafts  of  Portobella, 
Carthagena,  Guinea,  California,  China,  Coro- 
mandel, &c.  but  going  into  particulars  would 
be  almoll  endlefs,  as  I very  feldom  found 
it  otherwife  than  that  deep  waters  and  high 
fhores  went  together,  as  well  as  low  lands  and 
lhallow  feas.” 

The  fa£t  therefore  of  there  being  confiderable 
mountains  and  other  inequalities  at  the  bottom 
of  the  fea  is  fully  confirmed  by  the  obfervadons 
of  navigators.  Divers  alfo  allure  us,  there 
are  fmaller  inequalities  formed  by  rocks,  and 
that  it  is  much  the  coldeft  in  the  vallies  of 
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the  fea.  In  general  the  depths  in  great  feas, 
as  we  have  already  obferved,  increafe  propor- 
tionably  to  their  diftance  from  fliore.  By 
Mr.  Buache’s  chart  of  that  part  of  the  ocean 
between  the  coafts  of  Africa  and  America,  and 
by  the  divifions  he  has  given  of  the  fea  from 
Cape  Tagrin  to  Rio-Grande,  there  appears  to 
be  fimilar  inequalities  in  the  ocean  to  thofe  on 
land.  That  the  Albrolhos,  where  there  are 
fome  rocks  at  the  furface  of  the  water,  are 
only  the  tops  of  very  large  and  lofty  moun- 
tains, of  which  Dolphin  ifland  is  one  of  the 
higheft  peaks.  That  the  iflands  of  Cape  de 
Verd  are  alfo  the  tops  of  mountains;  that  there 
are  a great  number  of  fhoals  in  the  fea,  which 
round  the  Albrolhos  defcend  even  to  unknown 
depths. 

With  refpefl  to  the  quality  of  the  different 
foils  which  form  the  bottom  of  the  fea,  as  we 
muft  rely  on  divers  and  the  plumb,  we  can  fay 
nothing  exaft  or  precife  concerning  it  ; we 
only  know  that  there  are  parts  covered  with 
mud  to  a confiderable  thicknefs,  on  which 
anchors  have  no  hold  ; in  thefe  parts  probably 
the  mud  of  rivers  are  depofited.  In  other 
parts  are  fands  fimilar  to  thofe  on  land.  In 
others  are  fhells,  heaped  up  together,  madre- 
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pores,  corals,  and  other  productions  of  infeCts, 
which  begin  to  unite  and  appear  iike  (tones  ; 
in  others  are  fragments  of  ' (tones,  gravel,  and 
often  entire  (tones  and  marble.  For  example, 
in  the  Maldivian  idands  the  buildings  are  made 
of  a hard  (lone  weighed  up  from  feveral  fa- 
thoms under  water.  At  Marfeilles  very  good 
marble  is  obtained  from  the  bottom  of  the  fea, 
which  fo  far  from  wading  and  fpoiling  (tone 
and  marble,  in  our  difeourfe  on  minerals  we 
fhall  prove  they  are  formed  and  preferved 
therein,  whereas  the  fun,  earth,  air,  and  rain 
water  corrupts  and  deltroys  them. 

The  bottom  of  the  fea  mult  be  compofed  of 
the  fame  matters  as  our  habitable  land  becaufe 
the  very  fame  fubdances  are  contained  in  the 
one  as  the  other  ; places  are  found  at  the  bot- 
tom of  the  fea  covered  with  (hells,  madrepores, 
and  other  productions  of  fea  matters,  as  we 
meet  with  on  earth  an  infinity  of  quarries  and 
banks  of  chalk  and  other  matters  replete  with 
the  fame  fort  of  (hells,  madrepores,  &c.  fo  that 
in  all  refpeCts  the  dry  parts  of  the  globe  re- 
femble  thofe  covered  by  the  water,  both  in 
compofition  of  matters,  and  inequalities  of  the 
fuperficies. 
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It  is  to  thefe  inequalities  at  the  bottom  of 
the  feawemuft  attribute  the  origin  of  currents, 
for  if  the  bottom  was  equal  and  level,  there 
would  be  no  other  current  than  the  general 
motion  from  eaft  to  weft,  and  a few  others 
which  might  be  caufed  by  the  a£tion  of  the 
winds  ; but  a certain  proof  that  moft  currents 
are  produced  by  the  flux  and  reflux,  and  di- 
rected by  the  inequalities  at  the  bottom  of  the 
fea,  is,  that  they  regularly  follow  the  tides,  and 
change  their  direction  at  each  ebb  and  flow. 
See  Pietra  della  Valle  on  the  fubjeét  of  the  cur- 
rents of  the  gulphof  Cambay,  and  the  accounts 
of  all  navigators,  who  unanimoufly  aflert  that 
in  thofe  parts  where  the  flux  and  reflux  of  the 
fea  is  the  moft  violent  the  currents  are  alfo 
moft  rapid. 

Therefore  it  cannot  be  doubted  but  that  the 
tides  produce  currents  whofe  direction  always 
anfwers  that  of  the  oppofite  hill$  and  all  moun- 
tains between  which  they  flow.  Currents 
produced  by  winds  alfo  follow  the  direction  of 
thofe  hills  which  are  under  the  water,  feldom 
running  oppofite  to  the  wind  which  produces 
them,  any  more  than  thofe  which  are  occa- 
fioned  by  the  tides  follow  the  direction  of  their 
original  caufe. 


To 
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T o give  a clear  idea  of  the  productions  of 
currents  we  fhall  firft  obferve  they  are  to  be 
met  with  in  every  fea,  that  fome  are  rapid,  and 
others  flow  ; that  fome  are  of  great  extent, 
both  in  length  and  breadth,  and  others  fhort 
and  narrow  ; that  the  fame  caufe,  whether  the 
wind  or  tides,  which  produces  thefe  currents, 
frequently  gives  to  each  of  them  a velocity  and 
direction  very  different  ; that  a north  wind, 
for  example,  which  ihould  give  the  water  one 
general  motion  towards  the  fouth,  on  the  con- 
trary produces  a number  of  currents,  feparated 
from  each  other,  and  very  different  both  in  ex- 
tent and  direction  ; fome  flowing  towards  the 
fouth,  others  fouth-eafl,  and  others  fouth-weft  ; 
fome  are  very  rapid,  others  flow  ; fome  long 
and  broad,  others  fhort  and  narrow  ; in  fad, 
their  motions  are  fo  various  that  we  have  no 
idea  left  of  their  original  caufe.  When  a con- 
trary wind  fucceeds,  all  thefe  currents  take  an 
oppoflte  courfe,  and  follow  in  a contrary  direc- 
tion, precifely  in  the  fame  manner  as  would  be 
the  cafe  upon  land  between  two  oppoflte  and 
adjacent  hills,  provided  it  was  covered  with 
water,  as  is  feen  at  the  Maldivia  and  all  the 
iflands  of  the  Indian  feas,  where  the  currents 
run,  and  the  winds  blow,  for  fix  months  in  a 
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contrary  direction.  The  fame  remark  has  been 
made  on  currents  between  (hoals  and  fand- 
banks.  In  general  all  currents,  whether  caufed 
by  the  motion  of  flux  or  reflux,  or  the  aétiun 
of  the  wind,  have  the  fame  extent  and  di  reel  ion 
throughout  their  whole  courfe,  yet  differ  from 
each  other  in  mod  refpeéis  which  can  proceed 
only  from  the  inequalities  of  the  hills,  moun- 
tains, and  vallies  at  the  . bottom  of  the  fea,  it 
being  certain  that  the  current  between  two 
iflands  follows  the  direction  of  the  coafls  ; and 
the  fame  is  obfervable  between  banks  of  fand, 
(boals,  &c.  we  muft  therefore  look  on  the 
hills  and  mountains  of  the  bottom  of  the  fea 
as  banks  which  diredl  the  current  ^ and  hence 
a current  is  a river,  the  breadth  of  which  is 
determined  by  that  of  the  valley  through  which 
it  flows  : its  rapidity  depends  on  the  force 
which  produces  it,  combined  with  the  breadth 
of  the  interval  through  which  it  muft  pafs  ; 
and  its  direction  is  traced  by  the  pofition  of  the 
hills  and  inequalities  between  which  it  muft 
take  its  courfe. 

We  fhall  now  give  a reafon  for  the  Angular 
correfpondence  between  the  angles  of  moun- 
tains and  hills,  which  are  to  be  met  with  in 
çvery  part  of  the  world.  We  have  already 
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remarked  that  when  a river,  &c.  forms  ail 
elbow,  one  of  the  borders  forms  on  one  fide  a 
projection  inland,  and  the  other  forms  a point 
from  land,  and  that  through  all  the  finuofities 
of  their  courfe  this  correfpondence  is  always 
found.  This  faCt  is  founded  on  the  laws  of 
hydroflatics.  It  would  be  eafy  to  demonftrate 
the  caufe  of  this  effeCt  ; but  it  is  fufficient  that 
it  is  general  and  univerfally  known,  and  that 
all  the  world  may  be  convinced  of  it  by  their 
own  eyes,  that  when  the  banks  of  a river 
forms  a projection  inland  to  the  left  hand,  the 
other  fliore  forms  a projection  from  land  to 
the  right. 

Hence  the  currents  of  the  fea  mull  be 
looked  upoff  as  great  rivers,  fubjeCt  to  the 
fame  laws  as  thofe  on  land  and  will,  like  them, 
form  in  the  extent  of  their  courfe  many  finuo- 
jfities,  whofe  projections  or  angles  will  corre- 
fpond  ; and  as  the  banks  of  currents  are  hills 
and  mountains,  above  or  below  the  furface  of 
the  water,  they  will  have  given  thefe  eminences 
the  fame  form  as  is  remarked  on  the  Ihores  of 
rivers  ; therefore  we  mull  not  be  aftonifhed 
that  our  hills  and  mountains,  which  have  been 
formerly  covered  by  the  fea,  and  formed  by  the 
fediments  which  the  waters  have  left,  £hould# 
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by  the  motion  of  its  currents  have  taken  this 
regular  figure,  and  all  the  angles  are  alter- 
nately oppofite  ; they  have  been  the  fhores  of 
the  Currents  or  rivers  of  the  fea,  and  have  there- 
fore neceflarily  taken  a figure  and  direétion 
fimilar  to  thofe  of  the  fhores  of  the  rivers  of 
the  earth. 

This  alone,  independent  of  the  other  proofs 
we  have  given5  would  be  fufficieA  to  evince 
that  the  earth  of  our  continent  and  iflands  have 
been  covered  with  waters  of  the  ocean,  and 
doubtlefs  throws  great  light  upon  the  Theory 
which  I have  endeavoured  to  prove  well  found- 
ed ; for  it  was  not  fufficient  to  have  proved 
that  the  ftrata  of  the  earth  were  formed  by  the 
fediments  of  the  fea  ; that  the  mountains  were 
elevated  by  the  fucceffive  accumulation  of  fuch 
fediments  ; and  that  they  were  compofed  of 
fhells  and  other  marine  productions;  but  it  re- 
quired alfo  a reafon  why  the  angles  of  moun- 
tains fo  exaCtly  correfpond  • this  could  only  be 
done  by  an  inveitigation  into  the  real  caufe, 
which  had  not  hitherto  been  attempted,  and 
which,  being  united  with  the  reft,  foims  a body 
of  proofs  as  complete  as  may  be  had  in  phyfics, 
and  eftabli files  my  Theory  to  be  founded  on 
faCts,  independent  of  all  hypothefis. 
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The  principal  currents  of  the  ocean  arc 
thofe  obfçrved  in  the  Atlantic  Sea,  near  Guinea. 
They  extend  from  Cape  Verd  to  the  Bay  of 
Fernandes.  Their  motion  is  from  weft  to 
eaft  ; that  is  contrary  to  the  general  motion  of 
the  fea.  Thefe  currents  are  fo  rapid  that  veflels 
fail  in  two  days  from  Moura  to  Rio  de  Benin, 
a courfe  of  150  leagues  ; but  they  require  fix 
or  feven  weeks  to  return  ; nor  would  it  be  pof- 
Able  to  get  out  of  thefe  climates  if  advantage 
was  not  taken  of  the  tempeftuous  winds  which 
fuddenly  rife  in  them  ; but  there  are  entire 
feafons  during  which  veffels  cannot  ftir,  the  fea 
being  continually  calm,  excepting  what  arifes 
from  the  currents,  which  is  always  direéted 
towards  the  coafts,  and  never  extend  more 
than  20  leagues  from  fhore.  Near  Sumatra 
there  are  rapid  currents,  which  flow  from  fouth 
to  north,  and  which  probably  formed  the  gulph 
at  Malacca.  There  are  alfo  confiderable  cur- 
rents between  Java  and  Magellan,  the  Cape 
of  Good  Hope  and  the  ifland  of  Madagafcar, 
efpecially  on  the  coaft  of  Africa,  between 
Natal  and  the  Cape.  In  the  Pacific  Sea,  on 
the  coaft  of  Peru,  and  the  reft  of  America, 
the  fea  moves  from  fouth  to  north,  and  a fouth 
wind  continually  blowing  there  feems  to  be 
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the  caufe.  The  like  motion  is  obferved  on  the 
coafts  of  Brazil  ; from  Cape  St.  Auguftine  to 
the  Antilles  ; from  the  mouth  of  the  Manilla 
(Irait  to  the  Phillipine  iflands  ; and  in  the  port 
of  Kubuxiu  at  Japan 

There  are  violent  currents  in  the  fea  adjacent 
to  the  Maldivian  iflands  ; and  between  thofe 
iflands  thefe  currents  flow,  as  already  obferv- 
ed, conftantly  for  fix  months  from  eafl  to  weft, 
and  during  the  other  fix  months  they  follow 
the  direction  of  the  monfoons,  and  it  is  pro- 
bable they  are  produced  by  thofe  winds. 

We  fpeak  here  only  of  currents,  whofe  ex- 
tent and  rapidity  are  very  confiderable,  for  in 
every  fea  there  are  an  infinity  of  currents, 
though  of  no  great  importance.  The  flux 
and  reflux,  the  winds,  and  all  other  caufes 
which  agitate  the  waters,  produce  currents, 
more  or  lefs  perceptible,  in  different  parts. 
We  have  obferved  that  the  bottom  of  the 
fea,  like  the  furface  of  the  earth,  is  over- 
fpread  with  mountains  interfered  with  ine* 
qualities  and  divided  by  banks  of  fand.  In  all 
mountainous  places  currents  will  be  violent  ; 
in  all  places  where  the  bottom  of  the  fea  is 
level  they  will  be  almoft  imperceptible  ; the 
M 2 rapidity 
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rapidity  of  the  current  will  increafe  in  propor* 
tion  to  the  obftacles  the  water  tneets  with,  or 
rather  to  the  contradion  of  the  fpaces  through 
which  they  incline  to  pafs.  Between  two 
chains  of  mountains  the  current  will  be  fo 
much  the  flronger  as  the  mountains  are  near. 
It  will  be  the  fame  between  two  banks  of 
fand,  or  two  neighbouring  iflands.  It  is  alfo  re- 
marked in  the  Indian  ocean,  which  is  divided 
with  an  infinity  of  iflands  and  banks,  there  are 
rapid  currents  throughout  which  render  the 
navigation  of  that  fea  dangerous. 

It  is  not  inequalities  at  the  bottom  of  the 
fea  alone  which  form  currents,  but  the  coafts 
themfelves  have  a fimilar  effe£t,  as  the  water 
is  repelled  at  greater  or  iefier  diflances  ; this 
fepulfion  of  the  waters  is  a kind  of  current 
which  circumftances  can  render  continual 
and  violent;  the  oblique  pofition  of  a coaft, 
the  vicinity  of  a bay,  or  of  fome  great  river, 
a promontory,  in  one  word,  every  particular 
obftacle  which  oppofes  thé  general  motion, 
will  always  produce  a current.  Now,  as  no- 
thing is  more  irregular  than  the  bottom  and 
borders  of  the  fea,  we  muft  ceafe  from  being 
furprifed  at  the  great  number  of  currents 
which  every  where  appear. 
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All  currents  have  a determinate  breadth, 
which  depends  on  that  of  the  interval  between 
the  two  eminences  which  ferves  it  for  a bed. 
The  currents  flow  into  the  fea  as  rivers  flow 
on  land,  and  they  produce  fimilar  effects. 
They  form  their  bed,  and  give  to  eminences 
correfponding  angles.  In  one  word,  it  is  thefe 
currents  which  hollowed  our  vallies,  formed 
our  mountains,  and  gave  to  the  furface  of  the 
earth,  when  it  was  under  water,  the  form  it 
now  retains. 

If  any  doubt  of  the  correfpondence  of  the 
angles  of  mountains  remains,  I appeal  to  the 
fight  of  every  man  who  makes  the  obfervation. 
Every  traveller,  with  the  fmalleft  attention, 
will  perceive  that  the  oppofite  Tides  of  a hill 
exaftly  correfpond.  Whenever  the  hills  to  the 
right  of  the  valley  form  a projection,  thofe  op- 
pofite recede  to  the  left.  Thefe  hills  have  alfo 
nearly  the  fame  elevation,  and  it  is  very  rare  to 
fee  any  great  inequality  of  height  in  the  two 
hills  feparated  by  a valley.  I can  alTert,  that 
the  more  I have  looked  on  the  circumference 
and  heights  of  hills,  the  more  I have  been  con- 
vinced of  the  correfpondence  of  the  angles, 
and  of  the  refembiance  they  have  with  the  beds 
and  borders  of  rivers  ; and  it  is  by  reiterated 
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obfervations  on  this  furprifing  regularity  and 
refemblance  that  my  firft  ideas  of  this  Theory 
of  the  Earth  arofe.  Let  us  add  to  thefe  ob- 
fervations that  of  the  parallel  and  horizontal 
fituation  of  the  ffrata,  that  of  the  fhells  being 
difperfed  throughout  the  earth,  and  incorporat- 
ed in  every  matter  ; and  it  muft  be  admitted, 
that  on  a fubje£t  like  this  we  cannot  have  a 
greater  degree  of  probability. 


ARTICLE  XIV. 
OF  REGULAR  WINDS. 


NOTHING  can  appear  more  irregular 
and  variable  than  the  force  and  direction 
of  winds  in  our  climates  ; but  there  are  coun- 
tries where  this  irregularity  is  not  fo  great,  and 
others  where  the  winds  conftantly  blow  in  one 
direction,  and  with  almoft  the  fame  degree  of 
ftrength. 


Although 
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Although  the  motion  of  the  air  depends  on  a 
great  number  of  caufes,  there  are  neverthelefs 
principal  ones,  of  which  it  is  difficult  to  efti- 
mate  the  effects,  becaufe  of  the  modifications 
from  fecondary  caufes.  The  mod  powerful 
caufe  is  the  heat  of  the  fun,  which  produces 
fucceffively  a confiderable  rarefaCtion  in  diffe- 
rent parts  of  the  atmofphere,  and  gives  rife  to 
an  eaft  wind  that  conftantly  blows  between  the 
tropics,  where  rarefaâion  is  the  greateft. 

The  force  of  the  fun’s  attraction,  and  even 
that  of  the  moon  on  the  atmofphere,  are  incon- 
fiderable  in  comparifon  with  that  juft  mention- 
ed ; it  is  true,  this  force  produces  in  the  air 
a motion  fimilar  to  that  of  the  flux  and  reflux 
in  the  fea,  yet  it  muft  not  be  fuppofed  that  the 
air,  becaufe  it  has  a fpring,  and  is  800  times 
lighter  than  water  , receives,  by  the  aftion  of  the 
moon,  a more  confiderable  motion  than  that 
of  the  waters  of  the  fea  ; for  the  diftance  of  the 
moon  being  the  fame,  a fea  of  any  fluid  mat- 
ter will  have  nearly  the  fame  motion,  becaufe 
the  force  which  produces  it  penetrates  the 
matter,  and  is  proportional  to  its  quantity  ; thus 
a fea  of  water,  air,  or  quickfilver,  would  ele- 
vate itfelf  nearly  to  the  fame  height,  by  the  ac- 
tion of  the  fun  and  moon  : hence  we  fee  that 
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the  influence  of  the  planets  in  the  atmofphere 
is  not  confiderable,  and  although  it  mu  ft  caufe 
a flight  motion  of  the  air  from  eaft  to  weft, 
this  motion  is  infenfible  in  comparifon  with 
that  produced  by  the  heat  of  the  fun  ; but  as 
the  rarefaftion  will  be  always  greateft  when  the 
fun  is  at  the  zenith,  the  current  of  air  muft 
follow  the  fun,  and  form  a confiant  wind  from 
eaft  to  weft.  This  wind  blows  continually 
over  the  fea  in  the  torrid  zone,  and  in  moft 
parts  of  the  land  between  the  tropics  ; it  is  this 
wind  we  feel  at  the  fun’s  rifing  ; and  in  gene- 
ral the  eaft  winds  are  more  frequent  and  im- 
petuous than  the  weft  ; this  general  wind  from 
eaft  to  wreft  extends  even  beyond  the  tropics, 
and  blows  foconftantly  in  the  Pacific  Sea,  that 
veflels  which  fail  from  Acapulco  to  the  Philip- 
pines, perform  their  voyage,  which  is  more 
than  2700  leagues,  without  any  rifque,  and  al- 
moft  without  any  need  of  dire£ting  their  courfe. 
In  the  Atlantic,  between  Africa  and  Brazil, 
this  wind  is  alfo  confiant:  it  is  felt  alfo  be- 
tween the  Philippines  and  Africa,  but  not  in 
fo  confiant  a manner,  by  reafon  of  the  iflands, 
and  different  obftacles  that  are  met  with  in 
that  fea,  for  during  the  months  of  January, 
February,  March,  and  April,  it  blows  between 
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the  Mozambique  coaft  and  India,  but  during 
the  other  months,  it  gives  place  to  different 
winds  : and  although  this  eafl  wind  is  lefs  felt 
on  the  coafts  than  in  the  open  fea,  and  ffill 
lefs  in  the  middle  of  continents  than  on  the 
coafts,  neverthelefs  there  are  places  where  it 
blows  almoft  continually,  as  on  the  eaft  coafts 
of  Brazil,  on  the  coafts  of  Loango,  in  Africa, 
&c. 

This  eaft  wind  continually  blowing  under 
the  line,  is  thecaufe  that,  failing  from  Europe 
to  America,  the  courfe  of  the  veffel  is  directed 
from  the  north  to  the  fouth,  along  the  coafts  of 
Spain  and  Africa,  to  within  20  degrees  of  the 
equator,  where  this  eaft  wind  is  met  with,  which 
carries  them  diredtly  to  the  coafts  of  America. 
The  voyage  from  Acapulco  to  the  Philippine 
iflands  is  made  in  two  months  by  the  favour  of 
this  eaft  wind  ; but  the  return  from  them  to 
Acapulco  is  longer  and  more  difficult.  At  28 
or  30  degrees  on  this  coaft  from  the  line,  the 
weftern  wind  is  nearly  as  confiant,  which  is 
the  reafon  that  veffels  returning  from  the  Eaft 
Indies  to  Europe  do  not  follow  the  fame  track 
as  in  going  ; thofe  from  New  Spain  fail  north 
along  the  coafts  till  they  arrive  at  the  Havan- 
nah,  and  from  thence  they  continue  northward 
vox.  11.  N until 
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until  they  meet  with  the  wefterly  winds  which 
carries  them  to  the  Azores,  and  afterwards  to 
Spain.  So  likewife  in  the  South  Sea,  thofe 
which  return  from  the  Philippines,  or  China, 
to  Peru  or  Mexico,  fail  north  as  far  as  Japan, 
and  navigate  under  that  parallel  to  a certain 
diftance  from  California,  from  whence,  coaft- 
ing  along  New  Spain,  they  arrive  at  Acapulco. 
Thefe  winds  do  not  always  blow  from  one 
point,  but  in  general  from  the  fouth-eaft  from 
April  to  November,  and  from  the  north-eaft 
from  November  to  April. 

The  eaft  wind  by  its  a6tion  increafes  the 
general  motion  of  the  fea  from  eaft  to  weft  ; it 
al  fo  produces  currents  which  are  confiant, 
feme  flowing  from  eaft  to  weft,  others  from 
weft  to  eaft  ; and  from  the  eaft  to  the  fouth- 
weft  or  north*  weft,  following  the  direâion  of 
the  eminences  and  chains  of  mountains  at  the 
bottom  of  the  fea,  the  vallies  that  divide  them 
ferving  as  channels  to  thefe  currents.  The  al- 
ternative winds  which  blow  fometimes  from 
the  eaft,  and  fometimes  from  the  fouth,  pro- 
duce alfo  currents  which  change  their  direétion 
at  the  fame  time  with  thefe  winds. 

The  winds  which  blow  continually  for  fome 
months,  are  generally  followed  by  contrary 
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winds,  and  therefore  mariners  are  obliged  to 
wait  for  that  which  is  favourable  to  their 
voyage.  When  thefe  winds  change,  a calm  or 
dangerous  tempefl  generally  enfues,  and  which 
continues  for  feveral  days,  fometimes  a month, 
and  has  been  known  for  more  than  two. 

Thefe  general  winds  caufed  by  the  rarefac- 
tion of  the  atmofphere,  are  differently  combin- 
ed and  modified  by  different  caufes  in  different 
climates.  In  that  part  of  the  Atlantic,  under 
the  temperate  zone,  the  north  wind  blows 
almoft  conflantly  during  the  months  of  Octo- 
ber, November,  December,  and  January, 
which  makes  thofe  months  themoft  favourable 
to  embark  from  Europe  to  India,  in  order  to 
pafs  the  line  by  the  aid  of  thefe  winds  ; and  it 
is  known  by  experience,  that  fhips  which  quit 
Europe  in  the  month  of  March  frequently  do 
not  arrive  fooner  at  Brazil  than  thofe  which 
fail  in  the  October  following.  The  north 
wind  almofl  continually  reigns  during  winter 
in  Nova  Zembla,  and  other  northern  coafls. 
The  fouth  wind  blows  during  the  month  of 
July  at  Cape  de  Verd,  when  the  rainy  feafon, 
or  winter  of  thefe  climates  fets  in.  At  the  Cape 
of  Good  Hope  the  north-weft  wind  blows 
during  the  month  of  September.  At  Patna, 
N 2 in 
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in  the  Eaft-Imlies,  the  north-weft  wind  blows 
during  the  months  of  November,  December, 
and  January,  and  produces  heavy  rains  ; but 
the  eaft  wind  blows  during  the  other  nine 
months.  In  the  Indian  ocean,  between  Africa 
and  India,  as  far  as  the  Malacca  iflands,  the 
monfoons  reign  from  eaft  to  weft  from  January 
to  the  beginning  of  June,  the  weft  winds  begin 
in  the  months  of  Auguft  or  September;  during 
the  interval  of  June  and  July  there  are  dread- 
ful tempefts  generally  from  the  north  winds  ; 
but  on  the  coafts  thefe  winds  vary  much  more 
than  in  the  open  fea. 

In  the  kingdom  of  Guzarat,  and  on  the 
coafts  of  the  neighbouring  fea,  the  north 
winds  blow  from  March  till  September,  and 
during  the  other  months  fouth  winds  almoft 
always  reign.  The  Dutch,  to  return  from 
Java,  generally  fet  fail  in  the  month  of  January 
or  February  when  they  have  the  aftiftance  of  an 
eafterly  wind,  which  is  felt  as  far  as  the  18th 
degree  of  South  latitude,  afterwards  they  meet 
with  the  foûth  winds  which  carry  them  to 
St.  Helena  #. 

There  are  regular  winds  produced  by  the 
melting  of  fnows,  which  the  ancient  Greeks 

have 
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have  noticed.  During  fummer  a north-eaft 
wind,  and  in  winter  one  from  the  fouth-eaft 
were  noticed  in  Greece,  Thrace,  Macedonia, 
the  Egean  fea,  and  as  far  as  Egypt  and  Africa  ; 
the  fame  kind  of  winds  have  been  remarked 
at  Congo,  at  Guzarat,  amd  at  the  extremity  of 
Africa,  which  are  all  produced  by  the  melt- 
ing of  the  fnows.  The  flux  and  reflux  of  the 
fea  alfo  produce  regular  winds  which  remain 
only  a few  hours,  and  in  many  places  winds 
are  obferved  to  blow  from  the  land  during 
night,  and  from  the  fea  during  the  day,  as  on 
the  coafts  of  New  Spain,  Congo,  the  Havan- 
nah,  &c. 

The  north  winds  are  pretty  regular  in  the 
polar  circles  ; but  the  nearer  we  approach  the 
equator,  the  weaker  they  become  ; a circum- 
ftance  equally  common  to  the  two  poles. 

In  the  Atlantic  and  Ethiopian  ocean  within 
the  tropics  there  is  an  eaft  wind  which  blows 
all  the  year  without  any  confiderable  variation, 
excepting  fome  few  fmall  places,  where  it 
changes  according  to  eircumftances  and  the 
pofition  of  the  coafts.  Firft,  near  the  coafts 
of  Africa,  having  pafled  the  Canary  iflands, 
about  the  28th  degree  of  north  latitude,  a frefli 
wind  blowing  from  the  north-eaft  or  north- 

north- 


94 


buffon’s 


north-eaft,  is  fure  to  be  met  with  ; this  wind 
accompanies  the  veflels  to  the  ioth  degree  of 
the  fame  latitude,  about  ioo  leagues  from  the 
coaft  of  Guinea,  where  at  the  4th  degree  north 
latitude  they  meet  with  calms  and  tornadoes. 
Secondly,  in  going  to  America  by  the  Caribbee 
iflands,  this  wind  is  found  to  veer  more  and 
more  to  the  eaft,  in  proportion  as  they  approach 
the  coaft.  Thirdly,  the  limits  of  thefe  variable 
winds  in  the  Atlantic,  are  greater  on  the  Ame- 
rican coafts  than  on  thofe  of  Africa.  A fouth 
or  fouth-weft  wind  blows  continually  all  along 
the  coaft  of  Guinea  for  a fpace  of  500  leagues 
from  Sierra  Leona  to  the  ifland  of  St.  Thomas  ; 
the  narroweft  part  of  that  fea  is  from  Guinea 
to  Brazil,  being  not  more  than  500  leagues 
acrofs.  Neverthelefs,  fliips  which  fail  from 
Guinea  do  not  diretft  their  courfe  ftrait  to 
Brazil,  efpecially  when  they  fail  in  the  months 
of  July  and  Auguft,  for  the  purpofe  of  taking 
advantage  of  the  fouth-eaft  winds  which  reigns 
at  that  time  #. 

In  the  Mediterranean  the  eaft  wind  blows 
from  the  land  in  the  evening  at  the  fun’s  fetting, 
and  the  weft  wind  from  the  fea  at  its  rifing  in 
the  morning.  The  fouth  wind,  which  is  com- 
monly 

* See  Abridg.  Phil.  Ttan.  vol.  it,  pagei?f). 
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monly  attended  with  rains,  and  which  general- 
ly blows  at  Paris,  Burgundy,  and  Champagne 
about  the  beginning  of  November,  gives  place 
to  mild  and  temperate  breezes  that  produce 
that  fair  weather  vulgarly  called  the  fummer 
of  St.  Martin's. 

Doftor  Lifter  pretends  that  the  eaft  wind 
that  blows  between  the  tropics  all  the  year,  is 
produced  by  the  vapour  of  the  plant  called  fea 
lentil,  which  is  extremely  plentiful  in  thofe 
climates,  and  that  the  difference  of  the  winds 
on  the  land  proceeds  only  from  the  different 
difpofition  of  the  trees  and  forefts,  and  he  very 
ferioufly  gives  this  ridiculous  imagination  for  a 
caufe  of  the  wind,  by  faying  that  at  noon  the 
wrind  is  ftrongeft  becaufe  the  plants  are  hotter 
and  refpire  the  moft,  and  that  it  blows  from  eaft 
to  weft,  becaufe  all  plants,  fomewhat  like  fun- 
flowers,  turn  and  refpire  with  the  fun. 

Other  authors  have  mentioned  the  motion 
of  the  earth  on  its  axis  as  the  caufe  of  this 
wind  ; this  opinion  is  fpecious  ; and  every  per- 
fon  even  but  little  initiated  in  mechanics  muft 
comprehend,  that  no  fluid  which  furrounds 
the  earth  can  have  a particular  motion  from 
the  rotation  of  the  globe  ; that  the  air  can 
have  no  other  motion  than  that  of  the  earth, 

and 


buffon’s 


96 

and  that  all  turning  together  at  one  time,  this 
rotative  motion  muft  be  as  infenfible  in  the 
atmofphere,  as  it  is  on  the  furface  of  the 
earth. 

The  principal  caufe  of  the  winds,  as  we 
have  obferved,  is  the  heat  of  the  fun  ; on  this 
fuhjeCt  we  refer  to  Halley’s  Treatife  in  Phil. 
Tranf.  All  caufes  which  occafion  rarefaction 
or  condenfation  in  the  air  will  produce  winds, 
whofe  directions  will  be  oppofite  to  the  places 
where  is  the  greatefl  rarefaCtion  or  condenfa- 
tion. 

The  preflure  of  the  clouds,  the  exhalations 
of  the  earth,  the  inflammation  of  meteors,  &c, 
are  caufes  which  alfo  produce  confiderable  agi- 
tations in  the  atmofphere.  Each  of  thefe  caufes 
combining  in  different  manners,  produces  dif- 
ferent effeCts.  It  appears  to  me,  therefore,  a 
Vain  attempt  to  affign  a theory  of  the  winds  * 
for  which  reafon  I fhall  limit  myfelf  to  the 
ftudy  of  their  hiftory. 

If  we  could  have  a courfe  of  obfervations 
on  the  direction,  power,  and  variation  of  the 
wind  in  different  climates  ; if  this  courfe  of 
obfervations  was  exaCt  and  extenfive  enough 
for  us  to  perceive  the  refult  of  thefe  viciflitudes 
of  the  air  in  every  country,  we  fhould  arrive 
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at  that  degree  of  knowledge,  from  which  at 
prefent  we  are  very  remote  ; but  a fhort  time 
has  paiïed  fince  meteorological  obfervations  have 
been  made,  and  poflibly  much  more  will  pafs 
before  we  know  how  to  employ  the  refults  of 
them,  although  they  are  the  only  means  that 
we  have  to  arrive  at  fome  pofitive  knowledge 
on  this  fubje£L 

On  the  fea  the  winds  are  more  regular  than 
on  land,  becaufe  the  fea  is  an  open  fpace  in 
which  nothing  oppofe^  their  direction,  while 
on  land  mountains,  forefts,  and  towns,  form 
obftacles  which  change  their  courfe.  Winds 
reflected  by  .the  mountains  are  often  as  impe- 
tuous as  in  their  firft  direction:  thefe  winds 
are  very  irregular,  becaufe  their  courfe  depends 
on  the  fize,  height,  and  fituation  of  the  moun- 
tains which  reflect  them.  The  fea  winds 
blow  with  greater  power  than  the  land  winds, 
are  not  fo  variable,  and  laft  longer.  Land 
winds,  however  violent,  have  moments  of  re- 
miffion,  and  fometimes  of  quiet,  but  at  fea  their 
currents  are  confiant  and  continual,  without 
any  interruption. 

In  general  on  the  fea  the  eaft  wind,  and 
thofe  which  come  from  the  poles,  are  ftronger 
vol.  u.  Q than. 
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than  the  weft  and  thofe  which  proceed  from 
the  equator.  On  the  land  the  weft  and  fouth 
winds  are  more  or  lefs  violent,  according  to  the 
fituation  of  the  climates.  In  fpring  and  au- 
tumn all  winds  are  more  violent  than  in  fum- 
mer  or  winter,  and  for  thefe  reafons  ; firft,  in 
fpring  and  autumn  are  the  higheft  tides,  and 
confequently  the  winds  that  thefe  tides  produce 
are  moft  violent  at  thofe  feafons  ; fecondly,  the 
motion  which  the  a£lion  of  the  fun  and  moon 
produce  in  the  air  is  alfo  greater  in  the  feafon 
of  the  equinoxes  ; thirdly,  the  melting  of  the 
fnows  in  fpring,  and  the  condenfation  of  the 
vapours  that  the  fun  raifes  during  fummer, 
which  refall  in  plentiful  rains  during  autumn, 
produce,  or  at  leaft  increafe  the  wind  ; fourthly, 
the  change  from  heat  to  cold,  or  from  cold  to 
heat,  cannot  be  made  without  increafing  and 
diminifhing  confiderably  the  volume  of  air 
which  alone  muft  produce  very  high  winds. 

Contrary  currents  are  often  obferved  in  the 
air  ; fome  clouds  move  in  one  direction,  while 
others,  which  are  higher  or  lower,  move  in  a 
diredtly  oppofite  one  ; but  this  contrariety  of 
motion  does  not  remain,  being  commonly  pro- 
duced by  the  refiftance  of  fome  large  clouds 
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that  force  the  wind  into  another  courfe,  but 
which  returns  again  as  foon  as  the  obfiacle  is 
dilhpatech 

The  winds  are  more  violent  in  mountainous 
places  than  in  plains,  and  increafe  until  we 
reach  the  common  height  of  the  clouds,  that  is 
to  lay,  to  about  one  quarter,  or  one  third  of  a 
league  perpendicular  height  ; beyond  that  height 
the  fky  is  generally  ferene,  at  leaft  during  the 
fummer,  and  the  wind  gradually  diminifhing. 
It  is  even  alferted  to  be  quite  infenfible  at  the 
fummit  of  the  higheft  mountains  ; but  thefe 
fummits  being  covered  with  fnow  and  ice,  it 
is  natural  to  fuppofe  that  this  region  of  air  is 
agitated  by  the  wind  when  the  fnow  falls,  and 
only  during  fummer  that  the  winds  are  not  to 
be  perceived.  In  fummer  the  light  vapours 
which  are  raifed  above  the  fummit  of  thefe 
mountains  fall  in  the  form  of  dew,  whereas  in 
winter  they  condenfe  and  fall  in  fnow  or  ice, 
which  in  winter  may  raife  confiderable  winds, 
even  at  that  height, 

A current  of  air  increafes  in  velocity  where 
the  fpace  of  its  paffage  is  ftraitened  : the 
fame  wind  which  was  moderate  in  an  open 
plain  becomes  violent  in  palling  through  a 
narrow  paifage  in  a mountain,  or  between  t>vo 
O 2 lofty 
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lofty  buildings  ; and  its  moft  violent  a&ion  is 
at  the  top  of  thefe  ftrudures  or  mountains,  for 
air  being  comprefled  by  thefe  obftacles,  its  den- 
fity  and  mafs  becomes  increafed,  and  as  the  ve- 
locity remains,  the  force  or  momentum  of  the 
wind  naturally  becomes  much  Wronger.  This 
is  the  caufe  that  near  a church  or  a caftle  the 
winds  feem  to  be  ftronger  than  at  a diftance 
from  them.  I have  often  remarked,  that  the 
wind  reflected  from  a lone  building  is  more 
violent  than  the  dired  wind  which  produced  it. 
This  can  only  be  occafioned  by  the  impelled 
air  being  comprefled  againft  the  building,  and 
by  that  means  adds  to  its  force. 

The  denfity  of  the  air  being  greatefl:  at  the 
furface  of  the  earth,  we  might  be  led  to  imagine 
that  the  greatefl:  adion  of  the  wind  Ihould  be 
there  alfo  ; and  I indeed  think  this  is  really  the 
cafe  when  the  Iky  is  ferene  ; but  when  it  is 
covered  with  clouds,  the  mofl:  violent  adion  of 
the  wind  is  at  the  height  of  thefe  clouds,  which 
generally  fall  in  rain  or  fnow.  The  ftrength 
of  the  wind,  therefore,  mu  ft  be  eftimated,  not 
only  by  the  velocity  but  alfo  by  the  denfity  of 
the  air,  for  it  will  often  happen  that  one  wind, 
which  fhall  have  no  more  velocity  than  another, 
will,  neverthelefs,  root  up  trees  and  overturn 
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buildings,  only  from  the  air  impelled  by  this 
wind  being  denfer  ; and  this  evinces  the  im- 
perfeflion  of  the  machines  invented  to  mea- 
fure  the  velocity  of  the  wind. 

Particular  winds,  whether  direct  or  refleded, 
are  more  violent  than  general  ones.  The  in- 
terrupted action  of  land-winds  depends  on  the 
compreffion  of  the  air,  which  renders  each 
blaft  much  more  violent  than  if  the  wind 
blowed  uniformly.  A ftrong  continued  wind 
never  occafions  fuch  difafters  as  the  rage  of 
thofe  produce  which  blow,  as  it  were,  by  fits  ; 
but  we  fhall  give  examples  thereof  in  the  fol- 
lowing article. 

We  may  confider  the  winds,  and  their  direc- 
tions, under  general  points  of  view,  from  which 
poflibly  we  may  derive  ufeful  inftruftions  ; for 
example,  we  might  divide  the  winds  into 
zones.  The  eaft  wind,  which  extends  to 
about  25  or  30  degrees  on  each  fide  the  equa- 
tor, exerts  its  a£tion  round  the  globe  in  the 
torrid  zone  ; the  north  wind  almoft  always  as 
conftantly  in  the  frigid  zones.  Therefore  it 
may  be  faid  that  the  eaft  wind  occupies  the 
torrid  zone,  the  north  wind  the  frigid  zones, 
and  with  refpeét  to  the  temperate  zone,  the 
winds  which  reign  there  are  merely  currents 
V of 
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of  air  produced  by  thefe  two  winds,  whofe 
dire&ion  tends  to  the  eaftern  points.  With 
refpeCt  to  the  weftePy  winds,  which  often 
reign  in  the  temperate  zones,  both  in  the  Pa- 
cific and  Atlantic  Oceans,  they  may  be  regard- 
ed as  winds  refle&ed  by  the  lands  of  Afia  and 
America,  deriving  their  origin  from  the  eaft 
#nd  north  winds. 

Although  we  have  faid  that  generally  fpeak- 
ing  the  eaft  winds  reign  around  the  globe  to 
about  25  or  30  degrees  on  each  fide  the  equa- 
tor, it  is  neverthelefs  certain,  that  in  fome 
parts  they  do  not  extend  fo  far,  and  their  di- 
rection is  not  always  from  eaft  to  weft,  for  on 
this  fide  the  equator  it  is  eaft-north-eaft,  and 
beyond  the  equator  it  is  eaft-fputh-eaft,  and 
the  further  we  remove  from  the  equator  the 
more  the  direction  is  oblique.  The  equator  i$ 
the  line  under  which  the  direction  of  the  wind 
from  eaft  to  weft  is  the  moft  exaCt  ; for  ex- 
ample, in  the  Indian  ocean,  the  general  wind 
from  eaft  to  weft  fcarcely  extends  beyond  15 
degrees.  Sailing  from  Goa  to  the  Cape  of 
Good  Hope  this  wind  is  not  felt  till  we  have 
paft  the  equator  ; but  after  arriving  at  the  12th 
degree  fouth  latitude,  it  continues  to  the  28th 
degree  In  the  fea  which  divides  Africa  frpm 
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America  there  is  an  interval  from  the  4th  de- 
gree north  latitude  to  the  10th  or  nth  degree 
fouth,  where  this  general  wind  is  not  perceiv- 
able ; but  beyond  the  10th  or  nth  degree  it 
reigns  as  far  as  the  30th. 

' There  is  alfo  much  exception  with  regard 
to  the  trade  winds,  whofe  motion  is  alternative. 
Some  remain  a longer  or  a fhorter  time,  others 
extend  to  greater  or  lefs  diftances  ; others  are 
more  or  lefs  regular,  and  more  or  lefs  violent. 
Varenius  fpeaks  thus  of  the  principal  pheno- 
mena of  thefe  winds.  “ In  the  ocean  between 
Africa  and  India,  as  far  as  the  Malaccas,  the 
eaft  winds  begin  to  reign  in  January  and  laft  to 
the  beginning  of  June;  in  Auguft  or  Septem- 
ber the  weft  winds  begin  and  continue  during 
three  or  four  months.  In  the  interval  of  thefe 
monfoons,  that  is  from  the  end  of  June  to  the 
beginning  of  Auguft,  there  is  no  wind  on  that 
fea,  but  they  have  violent  ftorms  which  come 
from  the  north. 

“ Thefe  winds  are  fubjeft  to  thegreateft  va- 
riations near  the  land,  for  (hips  cannot  depart 
from  the  Malabar  coaft,  nor  other  weftern 
ports  on  the  coafts  of  the  peninfula  of  India, 
to  fail  to  Africa,  Arabia,  or  Perfia,  but  from 
January  to  April  or  May  ; for  from  the  end  of 
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May,  and  during  the  months  of  June,  July,  and 
Auguft,  there  are  fuch  violent  tempeftsfrom  the 
north  or  north-eaft  that  lhips  are  not  able  to 
keep  the  fea.  On  the  other  fide  of  this  penin- 
fula,  in  the  fea  which  bathes  the  Coromandel 
coaft,  thefe  tempefts  are  not  known, 

“ To  fail  from  Java,  Ceylon,  and  many  other 
places,  to  the  Malacca  iflands,  the  month  of 
September  is  the  moft  proper  time,  becaufe  the 
tveft  wind  begins  to  blow  in  thefe  parts  ; never- 
thelefs,  at  15  degrees  fouth  of  the  equator  we 
lofe  this  weft  wind  and  meet  with  the  general 
winds,  which  blow  fouth  eaft.  To  fail  from 
Cochin  to  Malacca  they  depart  in  March,  be- 
caufe the  weft  winds  begin  to  blow  at  that 
time  ; therefore  thefe  wefterly  winds  blow  at 
different  times  in  different  parts  of  the  Indian 
fea  ; and  it  is  neceftary  to  fail  at  different  pe- 
riods in  going  from  Java  to  the  Malaccas,  from. 
Cochin  to  Malacca,  from  Malacca  to  China* 
and  from  China  to  Japan. 

“ At  Banda,  the  weft  winds  finiflh  at  the  end 
of  March,  calms  reign  during  April,  in  May 
the  eaft  winds  begin  again  with  great  violence. 
At  Ceylon,  the  weft  winds  begin  about  the 
middle  of  March,  and  remain  till  the  begin- 
ning of  Odober,  when  the  eaft  or  rather  north- 
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eau  wind  returns.  At  Madagafcar,  from  the 
middle  of  April  to  the  end  of  May,  the  north 
and  north-weft  winds  are  confiant  ; but  in  Fe- 
bruary and  March,  the  eaft  and  fouth  winds 
reign.  From  Madagafcar  to  the  Cape  of  Good 
Hope,  the  north  and  collateral  winds  blow 
during  March  and  April.  In  the  Gulph  of 
Bengal,  the  fouth  wind  prevails  after  the  20th 
of  April,  before  which  time  the  fouth-weft  or 
north-weft  winds  are  predominant.  The  weft 
winds  are  alfo  violent  in  the  fea  of  China,  in 
June  and  July,  which  is  likewife  the  moft 
fuitable  feafon  to  go  from  China  to  Japan  ; 
but  to  return  from  Japan  to  China,  February, 
and  March  are  preferred,  becaufe  the  eaft  or 
north-eaft  winds  prevail. 

“ There  are  winds  which  may  be  regarded 
as  peculiar  to  certain  coafts  ; for  example,  the 
fouth  wind  is  almoft  continual  on  the  coafts  of 
Chili  and  Peru  ; it  begins  at  the  46th  degree 
fouth  latitude,  and  extends  beyond  Panama, 
which  renders  the  voyage  from  Lima  to  Pa- 
nama much  eafier  performed  than  the  return. 
The  weft  wind  blows  continually  on  the  Ma- 
gellanic coafts,  and  in  the  ftraits  of  Le  Maire. 
The  north  and  north- weft  wTinds  almoft  con- 
tinually reign  on  the  Malabar  coaft.  The 
vox.  11.  P norths 
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north-weft  wind  is  very  frequent  on  the  coaft 
of  Guinea.  The  wefterly  winds  reign  on  the 
coafts  of  Japan,  in  the  months  of  November 
and  December.” 

The  alternative,  or  periodical  winds,  which 
we  have  juft  been  fpeaking  of,  are  fea  winds  ; 
but  there  are  alfo  land  winds  which  are  pe- 
riodical, and  return  either  at  a certain  feafon, 
or  in  certain  days,  or  even  at  certain  hours  ; 
for  example,  on  the  Malabar  coaft,  from  Sep- 
tember to  April  a land  wind  blows  from  the 
eaftern  fide;  it  generally  commences  at  mid- 
night, and  finilhes  at  noon,  and  is  not  felt  be- 
yond 12  or  1 5 leagues  from  the  coaft  ; and  from 
noon  till  midnight  a gentle  wind  blows  from 
the  weft.  On  the  coaft  of  New  Spain,  in  Ame- 
rica, and  on  that  of  Congo,  in  Africa,  land 
winds  reign  during  the  night,  and  fea  winds 
during  the  day.  At  Jamaica  the  winds  blow 
from  all  parts  of  the  coaft  at  once  during  the 
night,  and  therefore  vefiels  cannot  go  in,  nor 
depart  from  it  with  fafety,  but  in  the  day  time. 

In  winter  the  port  of  Cochin  is  not  to  be 
entered,  nor  can  any  veffel  quit  it,  becaufe  the 
winds  blow  with  fuch  impetuofity,  that  lhips 
cannot  remain  at  fea  ; and  befides  the  weft 
winds,  which  blow  with  fuch  fury*  bring  to 
« the 
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the  mouth  of  the  river  fo  great  a quantity  of 
fand  as  prevents  the  poflibility  of  fhips  of  any 
fize  from  entering  it  during  lix  months  of  the 
year  ; but  the  eaft  winds  which  blow  during 
the  other  fix  months  repel  thefe  fands,  and 
render  the  entrance  of  the  river  free.  At  the 
ftrait  of  Babelmandel  there  are  fouth-eaft  winds 
which  reign  throughout  the  feafon,  and  are  al- 
ways fucceeded  by  north-eaft.  At  St.  Do- 
mingo there  are  two  different  winds  which  re- 
gularly rife  almoft  every  day,  the  one  a fea  wind 
proceeding  from  the  eaft,  and  commences  at  10 
o’clock  in  the  morning  ; the  other  a land  wind 
comes  from  the  weft,  ri  fes  at  fix  or  feven  o’clock 
in  the  evening,  and  remains  all  night.  There 
are  many  other  fa£ls  of  this  nature  to  be  ex- 
tra£ted  from  travellers,  the  knowledge  of  which 
might  perhaps  lead  to  a hiftory  of  the  winds 
which  would  be  a ufeful  work  equally  to  na- 
vigation and  phyfics. 
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ARTICLE  XV. 


OF  IRREGULAR  WINDS,  HURRICANES,  AND  OTHER 
PHENOMENA,  CAUSED  BY  THE  AGITATION  OF 
THE  SEA  AND  AIR. 


than  on  the  fea,  and  in  high  places  than 
in  low.  The  mountains  not  only  alter  the 
dire&ion  of  winds,  but  even  produce  fome 
which  are  either  confiant  or  variable  accord- 
ing to  different  caufes.  The  melting  of  fnow 
upon  the  fummits  of  mountains,  generally  pro- 
duces confiant  winds,  which  fometimes  remain 
a confiderable  time  ; the  vapours  that  are  ftopt 
by  mountains  accumulate  there,  and  produce 
variable  winds,  very  frequent  in  all  climates  : 
and  there  are  as  many  variations  in  the  motions 
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of  air,  as  there  are  inequalities  on  the  furface 
of  the  earth.  We  can  therefore  give  only  ex- 
amples, and  relate  circumftances  which  are  at- 
tefted  ; and  as  we  are  deficient  in  a courfe  of 
obfervations  on  the  variation  of  winds,  and 
even  of  the  feafons  in  different  countries,  we  do 
not  pretend  to  explain  all  the  caufes  of  thefe 
differences,  but  confine  ourfelves  to  thofe  which 
appear  the  mod  probable. 

In  (traits,  on  all  projecting  coafts,  at  the 
extremity  of  all  promontories,  peninfulas  and 
capes,  and  in  all  narrow  bays,  dorms  are  fre- 
quent ; but  without  thefe  there  are  fome  Teas 
much  more  tempeftuous  than  others.  The 
Indian  ocean,  the  Japan  and  the  Magellan  feas, 
that  of  the  African  coafi:  beyond  the  Canaries, 
and  on  the  other  fide  towards  the  coafi:  of 
Natal  and  the  Red  Sea,  are  very  liable  to 
ftorms.  The  Atlantic  is  more  ftormy  than 
the  ocean,  which  from  its  tranquillity  is  called 
the  Pacific  Sea  ; this  fea,  however,  is  not  ab- 
solutely tranquil,  except  between  the  tropics, 
for  the  nearer  we  approach  the  poles,  the  more 
we  are  fubjeft  to  variable  winds,  whofe 
fudden  changes  are  frequently  the  caufe  of 
tempefts. 
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All  continents  are  fubjedt  to  variable  winds, 
which  often  produce  fingular  effeéts  ; in  the 
kingdom  of  Caftimir,  which  is  furrounded  by 
the  mountain  of  Caucafus,  at  the  mountain 
Pircpinjale,  extraordinary  and  fudden  changes 
are  experienced  ; we  pafs,  in  lefs  than  an  hour’s 
travelling,  from  fummer  to  winter  ; at  this 
place  are  two  winds,  a north  and  fouth,  and 
which,  according  to  Bernier,  we  fucceflively 
feel  in  lefs  than  200  feet  diftance  from  each 
other  ; the  pofition  of  this  mountain  mull  be 
fingular,  and  merit  obfervation.  In  the  penin- 
fula  of  India,  which  is  eroded  from  north  to 
fouth  by  the  mountains  of  Gate,  it  is  winter  on 
one  fide,  and  fummer  on  the  other  at  the  fame 
time.  The  like  difference  is  met  with  on  the 
twp  fides  of  Rozalgate  Cape  in  Arabia  ; the  fea 
to  the  north  of  the  cape  is  perfe&ly  tranquil, 
while  in  the  fouth  violent  tempefts  are  experi- 
enced. It  is  the  fame  in  the  ifland  of  Ceylon, 
winter  and  high  winds  are  experienced  in  the 
northern  parts  of  the  ifland,  while  in  the  fouthern 
there  is  fine  fummer  weather.  This  contrariety 
of  feafons  at  the  fame  time  not  only  happens 
in  many  parts  of  the  Indian  continent,  but 
alfo  in  many  iflands  ; for  example,  at  Cerem,  a 
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long  ifland  in  the  vicinage  of  Amboyna,  they 
have  winter  in  the  northern  part,  and  fummer 
at  the  fame  time  in  the  fcuthern,  and  the  inter- 
val that  divides  the  two  feafons  is  not  above 
three  or  four  leagues. 

In  Egypt  they  have  a fouth  wind  in  fum- 
mer, fo  hot  as  to  prevent  refpiration,  and 
raifes  fuch  great  quantities  of  fand,  that  the  fky 
feems  covered  with  thick  clouds  ; this  fand  is 
fo  fine,  and  driven  with  fuch  force,  that  it  pe- 
netrates even  into  the  clofeft  chefts.  When 
thefe  winds  laft  many  days  they  caufe  epide- 
mical difeafes,  which  are  often  followed  by  a 
great  mortality.  It  feldom  rains  in  Egypt, 
nev.erthelefs  every  year  there  are  fome  days  of 
rain  in  the  months  of  December,  January,  and 
February.  Thick  mifts  are  more  frequent 
there  than  rain,  efpecially  in  the  environs  of 
Cairo  ; thefe  mifts  begin  in  November,  and 
continue  all  the  winter  ; and  during  the  whole 
year  there  falls  fo  plentiful  a dew,  even  when 
the  Iky  is  ferene,  that  it  might  be  taken  for  a 
flight  rain. 

In  Perfia  winter  begins  in  November  and 
lafts  till  March  : the  cold  is  intenfe  enough  to 
form  ice  : much  fnow  falls  on  the  mountains, 
and  often  a little  in  the  plains.  From  March 
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to  May  the  winds  blow  writh  great  violence* 
and  bring  heat  with  them.  From  May  to 
September  the  fky  is  ferene,  and  the  heat  mo- 
derated by  frefh  breezes,  which  rife  every 
evening,  and  remain  till  morning.  In  autumn 
they  have  violent  winds,  like  thofe  of  the 
fpring  ; nevertheless,  although  thefe  winds  are 
very  violent  they  fcarcely  ever  produce  tem- 
pefts  or  hurricanes  ; but  in  fummer  there  often 
arifes  along  the  Perfian  Gulph  a very  dan- 
gerous wind,  called  by  the  natives  Samuel  ; 
it  is  ftill  hotter  and  more  terrible  thari  that  of 
Egypt.  This  wind  is  mortal,  and  a£ting  like 
an  inflamed  vapour,  it  fuffocates  every  perfon 
unfortunately  enveloped  within  its  vortex.  In 
fummer  there  alfo  rifes  a wind  of  the  fame  kind 
along  the  Red  Sea,  which  fuffocates  men  and 
cattle,  and  which  conveys  fo  great  a quantity  of 
fand  that  many  perfons  conceive  this  fea  will 
in  time  be  choaked  up  with  what  falls  there- 
in. There  are  often  clouds  of  fand  in  Arabia 
which  darken  the  air  and  form  dangerous 
whirlwinds.  At  Vera  Cruz,  when  the  hot 
north  winds  blow,  the  houfes  of  the  town  are 
almoft  buried  under  the  fand.  In  fummer  hot 
winds  rife  alfo  at  Negapatam,  in  the  peninfula 
of  India,  likewife  at  Petapouli  and  Mafula- 
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patan.  Thefe  burning  winds,  which  deftroy 
people,  are  fortunately  of  fliort  duration,  but 
they  are  very  violent,  and  the  greater  fwiftnefs 
they  come  with  the  more  dreadful  are  their 
heats,  whereas  all  other  winds  refrefh  fo  much 
the  more  as  their  velocity  is  greater.  This 
difference  proceeds  from  the  degree  of  heat  in 
the  air,  for  while  the  heat  of  the  air  is  not  fo 
great  as  that  of  the  body  of  animals,  the  mo- 
tion of  the  air  is  refrefhing  ; but  if  the  heat  of 
the  air  exceeds  that  of  the  body,  then  its  mo- 
tion heats  and  burns.  At  Goa  the  winter,  or 
rather  the  rainy  and  tempeftuous  feafon,  is 
May,  June,  and  July,  and  without  which  rains 
the  heat  would  be  perfe£tly  infupportable  in 
that  country. 

The  Cape  of  Good  Hope  is  famous  for  its 
tempefts,  and  the  fingular  cloud  which  pro- 
duces them.  This  cloud  appears  at  firft  like 
a fmall  round  fpot  in  the  fky,  called  by  the 
failors  the  Ox’s  Eye.  Probably  its  appearing 
fo  minute  is  owing  to  its  exceeding  great 
height. 

Of  all  travellers  who  have  fpoken  of  this 
cloud,  Kolbe  appears  to  have  the  moft  examin- 
èd  it  with  attention  ; his  words  are,  “ The 
cloud  feen  on  the  mountains  of  the  Table,  or 
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of  the  Devil,  or  of  the  Wind,  is  compofed,  if  I 
am  not  deceived,  of  an  infinity  of  fmall  parti- 
cles, impelled  firft  againft  the  mountains  of  the 
Cape  towards  the  eaft,  by  the  eafterly  wind 
which  blows  during  almoft  the  whole  year  in  the 
torrid  zone  ; thefe  particles  are  ftopt  in  their 
courfe  by  thefe  high  mountains,  and  colle#  on 
their  eaftern  fide  ; they  then  become  vifible  and 
form  thefe  affemblages  of  clouds,  which  being 
incelfantly  driven  by  the  eaft  wind,  rife  to  the 
fummit  of  thefe  mountains  ; they  do  not  long 
remain  there  at  reft,  but  being  obliged  to  advance, 
they  ingulph  themfelves  between  the  hills  before 
them,  where  they  are  bound  and  confined  as  in 
a canal  ; the  wind  prefles  them  from  above,  and 
the  oppofite  Tides  of  the  two  mountains  retain 
them  in  a dire#  line  : in  advancing  they  arrive 
at  the  foot  of  a mountain,  where  the  country  is 
a little  more  open,  they  then  expand,  and  become 
again  invifible  ; but  they  are  fhortly  driven 
againft  other  mountains,  by  clouds  which  are 
behind  them,  and  thus  proceed  with  much  im- 
petuofity  until  they  arrive  at  the  higheft  moun- 
tains of  the  Cape,  which  are  thofe  of  the  Wind, 
or  Table,  where  they  have  to  encounter  a wind 
blowing  in  an  exa#  contrary  dire#ion  ; this 
occafions  a dreadful  confit#,  for  the  vapours 
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being  impelled  behind  and  repelled  before, 
produce  horrible  whirlwinds  either  on  the  high 
mountains  of  the  Table,  or  adjacent  vallies. 
When  the  north-weft  wind  yields,  the  fouth-* 
eaft  increafes,  and  continues  to  blow  with  more 
or  lefs  violence  for  fix  months,  it  reinforces 
itfelf  while  the  cloud  of  the  Ox's  Eye  is  thick, 
becaufe  the  vapours  collected  behind  prefs  for- 
ward, and  it  diminifhes  as  foon  as  its  thicknefs 
is  leftened,  becaufe  there  are  fewer  particles  and 
lefs  preffure,  and  it  is  entirely  lowered  when 
the  Ox’s  Eye  is  no  longer  apparent,  becaufe  no 
new  or  not  fufficient  vapours  any  longer  come 
from  the  eaft. 

“ All  the  circumftances  attending  this  phe- 
nomenon lead  to  an  hypothefis,  which  well  ex- 
plains every  part  of  them  : Firft,  behind  the 
mountain  of  the  Table  we  remark  a train  of 
light  white  mifts,  which  commencing  on  the 
eaftern  defcent  of  this  mountain,  incline  to  the 
fea,  and  occupy  the  mountains  of  Stone 
throughout  all  their  extent  ; I have  often  con- 
templated this  train,  which  according  to  my 
opinion  was  caufed  by  the  rapid  paflageof  the 
vapour  abovementioned,  from  the  mountains 
of  Stone  to  that  of  the  Table. 
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u Secondly,  Thefe  vapours  muft  be  ex- 
tremely embarraffed  in  their  road,  by  the  fre- 
quent fhocks  and  counter  fhocks  caufed,  not 
only  by  the  mountains,  but  alfo  by  the  fouth 
and  eaft  winds  which  reign  at  places  circum- 
jacent to  the  Cape  : I have  already  fpoken  of 
thetwo  mountains  calledHanging  Lip  and  Nor- 
vège, fituate  on  the  points  of  Falfe  Bay  ; when 
the  particles  which  I conceive  are  impelled  on 
thefe  mountains  by  the  eafterly  winds,  they  are 
repelled  from  them  by  the  fouth,  which  carry 
them  on  the  neighbouring  mountains  ; they  are 
flopt  there  and  appear  like  clouds,  which  is 
often  the  cafe  upon  the  mountains  of  Falfe  Bay. 
Thefe  clouds  are  frequently  very  thick  above 
the  land  which  the  Dutch  are  in  poffeftion  of, 
on  the  mountains  of  Stenltenborch,  of  Draken- 
ftein,  and  Stone,  but  particularly  on  the  moun- 
tains of  the  Table,  and  of  the  Devil. 

u In  fhort,  what  confirms  me  in  my  opinion 
is,  that  conflantly  two  or  three  days  before  the 
fouth-eaft  wind  blows  on  the  Lion’s  Head, 
fmall  black  clouds  are  perceived  above  it  ; thefe 
clouds,  according  to  my  opinion,  are  compofed 
of  the  particles  or  vapours  which  I have  fpoken 
of.  If  the  north-weft  wind  prevails  when  they 
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arrive  there,  they  are  flopped  in  their  courfe, 
but  are  never  driven  to  a great  diftance  till  the 
fouth  eaft  winds  commence. ” 

The  firft  mariners  who  approached  the  Cape 
of  Good  Hope  were  ignorant  of  the  effects  of 
thefe  clouds,  which  appear  to  form  in  the  air  fo 
{lowly,  and  without  any  motion,  but  which  in  a 
moment  excites  the  mod  dreadful  ftorms  that 
precipitates  the  largeft  veflels  to  the  bottom  of 
the  fea.  In  the  country  of  Natal,  a fmall  cloud 
fimilar  to  the  Ox’s  Eye  at  the  Cape,  produces 
the  like  effedts.  In  the  fea  between  Africa 
and  America,  efpecially  near  the  equator,  thefe 
kind  of  tempefts  very  often  arife.  Near  the 
coaft  of  Guinea,  three  or  four  of  thefe  ftorms 
fometimes  happen  in  a day,  they  are  alfo  caufed 
and  announced  by  fmall  black  clouds  ; the  reft 
of  the  fky  being  generally  ferene,  and  the  fea 
perfectly  calm.  The  firft  blaft  which  iffues 
from  thefe  clouds  is  furious,  and  would  fink 
fhips  in  open  fea,  if  they  did  not  take  the  pre- 
caution to  furl  the  fails.  It  is  principally  in 
April,  May,  and  June  thefe  tempefts  are  ex- 
perienced on  the  coaft  of  Guinea,  becaufe  no 
regular  wind  blows  there.  The  ftormy  feafon 
on  the  coafts  of  Loango  is  in  January,  F ebr uary, 
March,  and  April.  On  the  other  fide  of  Africa, 
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at  Cape  of  Gardafu,  thefe  kinds  of  tempefts 
rife  in  May,  and  the  clouds  which  produce 
them  are  generally  in  the  north  like  thofe  of 
the  Cape  of  Good  Hope. 

All  thefe  tempefts  are  produced  by  winds 
which  iflue  from  a cloud,  and  which  have  di- 
regions  either  from  north  to  fouth,  or  north- 
eaft  to  fouth-weft,  &c.  but  there  are  other 
kinds  which  are  ftill  more  violent,  and  in 
which  the  winds  feem  to  proceed  from  every 
quarter  at  once  ; they  have  a whirling  motion, 
which  nothing  can  refill.  A calm  generally 
precedes  thefe  horrible  tempefts  ; but  in  an 
inftant  the  fury  of  the  winds  raifes  the  waves 
as  high  as  the  clouds.  There  are  parts  of  the 
fea  which  cannot  be  approached,  from  there 
being  conftantly  calms  and  hurricanes  in  them. 
The  Spaniards  have  called  thefe  places  Calms 
and  Tornados  ; the  moft  confiderable  are  near 
Guinea,  at  two  or  three  degrees  north  latitude; 
they  are  300  or  350  leagues  in  length  by  as 
many  in  breadth,  which  forms  a fpace  of  more 
than  100,000  leagues  fquare. 

When  contrary  winds  come  all  at  once  in 
the  (iime  place,  as  to  a centre,  they  produce 
whirlwinds  by  the  contrariety  of  their  motions; 
but;  when  thefe  winds  meet  with  others  in  op- 
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pofition,  which  counterbalance  their  aftion, 
they  then  revolve  in  a confiderable  circle,  and 
occafion  a dead  calm,  through  which  it  is  im- 
poflible  for  veflels  to  make  their  way.  Thefe 
places  of  the  fea  are  marked  in  Senex’s  globes. 
I am  inclined  to  think  that  the  contrariety  of 
the  winds  alone  could  not  produce  this  effedt 
if  the  diredtion  of  the  coafts,  and  the  particular 
form  of  the  bottom  of  the  fea,  did  not  contri- 
bute thereto.  I imagine  that  the  currents 
caufedby  the  winds,  but  diredled  by  the  form 
of  the  coafts  and  the  inequalities  of  the  bottom 
of  the  fea,  end  at  thefe  places,  and  that  their 
oppofite  and  contrary  diredlion,  in  a plain  fur- 
rounded  on  all  fides  by  a chain  of  mountains, 
is  the  real  caufe  of  thefe  tornados. 

Whirlpools  appear  to  be  no  other  than  the 
eddies  of  the  water  formed  by  the  adtion  of 
two  or  more  oppofite  currents.  The  Euripus, 
fo  famous  for  the  death  of  Ariftotle,  alternately 
abforbs  and  rejedts  the  water  feven  times  in 
twenty-four  hours.  This  whirlpool  is  near 
the  Grecian  coaft.  The  Charybdis,  which  is 
near  the  ftraits  of  Sicily,  rejedts  and  abforbs  the 
water  thrice  in  twenty-four  hours.  We  are 
not  quite  certain  as  to  the  number  of  alterna- 
tive motions  in  thefe  whirlpools.  Dodor  Pla- 
centia 
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centia,  in  his  treatife,  fays,  that  the  Euripus  has 
irregular  motions  for  eighteen  or  nineteen  days 
every  month,  and  regular  ones  for  the  other 
eleven  ; that  in  general  it  fwells  about  one 
foot,  and  feldom  two  : he  fays  likewife  that 
authors  do  not  agree  as  to  the  tides  of  the  Eu- 
ripus  ; that  fome  affert  it  is  twice,  fome  feven, 
others  fourteen  times  in  twenty-four  hours, 
but  that  Loirius  having  examined  it  attentive- 
ly, obferved  it  rofe  regularly  every  fix  hours, 
and  with  fo  violent  a motion,  that  it  was  fuffi- 
eient  to  turn  the  wheel  of  a mill. 

The  greateft  known  whirlpool  is  that  in  the 
Norway  fea,  which  is  affirmed  to  be  upwards 
of  twenty  leagues  in  circumference.  It  ab- 
forbs  for  fix  hours  water,  whales,  fhips,  and 
every  thing  that  comes  near  it,  and  afterwards 
returns  them  in  the  fame  quantity  of  time  as  it 
drew  them  in. 

It  is  not  neceflary  to  fuppofe  there  are  holes 
and  abyffes  in  the  bottom  of  the  fea  which 
fwallow  up  the  waters  continually  ; to  affign 
a reafon  for  whirlpools  it  is  well  known  that 
when  water  has  two  contrary  directions,  the 
combination  of  thefe  motions  produce  a whirl- 
ing, and  feem  to  form  a void  place  in  the 
centre.  It  Is  the  fame  with  refped  to  whirl- 
t pools 
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pools  in  the  fea,  they  are  produced  by  two  or 
three  contrary  currents  ; and  as  the  flux  and 
reflux,  which  run  every  fix  hours  in  contrary 
dire&ions,  are  the  principal  caufe  of  currents, 
it  is  not  aftonifhing  that  whirlpools,  which  re- 
fait from  them,  attract:  and  fwallow  up  all  that 
furrounds  them,  and  afterwards  rejeft  all  they 
have  obferved  in  the  fame  portion  of  time. 

Whirlpools,  therefore,  are  produced  by  op- 
pofite  currents,  and  likewife  by  the  meeting  of 
contrary  winds.  Thefe  whirlwinds  are  com- 
mon in  the  fea  of  China  and  Japan,  near  the 
Antilles,  and  in  many  other  parts  of  the  fea, 
particularly  near  projedling  lands  and  high 
coafts  ; but  they  are  ftill  more  frequent  upon 
land,  and  their  effeéls  are  fometimes  prodi- 
gious. “ I have  feen,”  fays  Bellarmin,  “ an 
<c  enormous  ditch  dug  up  by  the  wind,  and 
u the  earth  thereof  carried  to  a diftance  ; fo 
u that  the  place  from  whence  it  had  been 
€t  taken  appeared  a frightful  hole,  and  the 
“ village  upon  which  it  was  dropped  was  en- 
“ tirely  covered  with  it.” 

In  the  hiftory  of  the  French  Academy,  and 
in  the  Philofophical  Tranfadions,  are  the  detail 
of  the  effects  of  many  hurricanes,  which  appear 
inconceivable  and  fcarcely  credible,  if  the  fa£ts 
vol.  il.  R were 
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were  not  attefted  by  a great  number  of  intelli- 
gent teftimonies. 

It  is  the  fame  with  refpefl:  to  water- fpouts, 
which  mariners  never  fee  without  fear  and 
amazement  ; thefe  are  very  frequent  near  certain 
coafts  of  the  Mediterranean,  efpecially  when 
the  Iky  is  cloudy  and  the  wind  blows  at  the 
fame  time  from  various  coafts.  They  are  more 
common  near  the  coafts  of  Laodicea,  Grecgo, 
and  Carmel,  than  in  other  parts  of  the  Medi- 
terranean. Moft  of  them  are  large  cylinders  of 
water  which  fall  from  the  clouds,  although  it 
appears,  when  we  are  at  fome  diftance,  that 
the  water  of  the  fea  rifes  up  in  the  clouds*. 

But  there  are  two  kinds  of  water-fpouts,  the 
firft  of  which,  alluded  to  above,  is  no  other 
than  a thick  comprefled  cloud,  reduced  to  a 
fmall  fpace  by  contrary  winds,  which,  blowing 
at  the  fame  time  from  many  corners,  give  it  a 
cylindric  form,  and  caufes  the  water  to  fall  by 
its  own  weight.  The  quantity  of  water  is  fo 
great,  and  the  fall  fo  fudden  and  preciptate,  that 
if  unfortunately  one  of  thefe  fpouts  breaks  on 
a veflel  it  lhatters  it  to  pieces,  and  finks  it  in 
an  inftant.  It  is  aflerted,  and  poflibly  with 
foundation,  that  thefe  fpouts  may  be  broken 

and 
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and  deftroyed  by  the  commotion  which  the 
firing  of  cannons  excite  in  the  air  ; which  an- 
fwers  to  the  effect  of  difperfing  thunder  clouds 
by  the  ringing  of  bells. 

The  other  kind  of  water- fpout  is  called  a 
typhon,  which  many  authors  have  confounded 
with  the  hurricane,  in  fpeaking  of  the  ftorms 
of  the  Chinefe  fea,  which  is  in  fa£t  fubjeft  to 
both.  The  typhon  does  not  defcend  from  the 
clouds,  but  rifes  up  from  the  fea  with  great 
violence.  By  whirlwinds,  fands,  earth,  houfes, 
trees,  and  animals,  are  raifed  in  the  air  and 
tranfported  to  different  parts,  but  typhons,  on 
the  contrary,  remain  in  the  fame  place,  and  can 
only  have  fubterraneous  fires  for  their  origin  ; 
for  the  fea  is  then  in  the  greateft  agitation,  and 
the  air  fo  ftrongly  filled  with  fulphurous  ex- 
halations, that  the  fky  appears  covered  with  a 
copper-coloured  cruft,  although  there  are  no 
clouds,  and  the  fun  or  ftars  may  be  feen 
through  the  vapour.  It  is  to  thefe  fubterra- 
neous fires  the  warmth  of  the  fea  of  China  in 
winter  muft  be  attributed,  as  thefe  typhons  are 
there  very  frequent 

Thevenot,  in  his  voyage  to  the  Levant,  fays, 
u we  faw  waterTpouts  in  the  Perfian  Gulph, 
R 2 between 
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between  the  iflands  Quefomo,  Lareea,  and 
Ormutz.  I think  few  people  have  confidered 
water-fpouts  with  fo  much  attention  as  I have 
done.  I (hall  mention  my  remarks  with  all 
pofiible  fimplicity,  in  order  to  render  them 
plain  and  eafy  to  be  comprehended. 

u The  fir  ft  that  we  faw  appeared  on  the 
northern  coaft,  between  us  and  the  ifland 
Quefomo,  about  a gun-fhot  from  the  (hip: 
we  direâly  perceived  the  water  boiled  on  the 
furface  of  the  fea,  and  was  raifed  about  a 
foot  : it  was  whitilh,  and  the  top  appeared 
like  a thick  black  fmoke,  fo  that  it  properly 
refembled  fome  burning  ftraw,  which  only 
fmoked.  It  made  a noife  like  a torrent  that 
runs  with  rapidity  into  a deep  valley.  This 
noife  was  mixed  with  another,  fimilar  to  the 
hiding  of  ferpents  : a little  afterwards  we  per- 
ceived fomething  like  a dark  pipe,  which  re- 
fembled fmoke  afcending  towards  the  clouds, 
turning  round  with  great  velocity  : this  ap- 
peared about  the  thicknefs  of  my  finger,  and 
the  fame  noife  (till  continued.  After  this  it 
difappeared,  having  remained  fomewhat  lefs 
than  a quarter  of  an  hour.  This  over,  we 
perceived  another  on  the  fouth  fide,  which 
began  in  the  fame  manner  as  the  preceding  : 
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dire&ly  after  a third  made  its  appearance  on 
the  weft,  and  then  a fourth  by  its  fide.  The 
fartheft  of  them  was  not  more  than  a mu  ike  t- 
fhot  from  us.  They  all  appeared  like  burning 
heaps  of  ftraw,  a foot  and  a half  or  two  feet 
high,  and  were  attended  with  the  fame  noife  as 
the  firft.  We  afterwards  faw  three  pipes  or 
canals  defcending  from  the  clouds  to  the  water. 
They  were  broad  at  the  top  and  leffened  down- 
wards, fomething  in  the  ihape  of  a trumpet, 
or  as  the  paps  of  an  animal,  drawn  perpendi- 
cularly down  by  a heavy  weight.  Thefe  canals 
appeared  of  a darkifh  white,  occafioned,  as  I 
think,  by  the  waters  which  were  in  them  ; for 
apparently  they  were  formed  before  the  water 
entered,  as  when  they  were  empty  they  were 
no  longer  to  be  feen,  like  as  a clear  glafs  tube 
placed  at  fome  diftance  before  our  eyes,  is  not 
perceptible  if  it  is  not  filled  with  fome  coloured 
liquor.  Thefe  pipes  were  not  fixait  but  crooked 
in  fome  places  ; they  were  not  even  perpen- 
dicular, but  from  the  clouds,  where  they  were 
joined  to  the  parts  which  drew  in  the  w^ater, 
they  were  very  much  bent  ; and  what  is  more 
particular,  the  cloud,  to  which  the  fécond  of 
the  three  was  fattened,  having  been  driven  by 
the  wind,  this  pipe  followed  it  without  break- 
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ing  or  quitting  the  place  where  it  drew  in  the 
water,  and  palling  behind  the  firft,  they  had 
for  fome  time  the  form  of  St.  Andrew’s  crofs. 
At  the  beginning  neither  of  them  was  more 
than  an  inch  in  thicknefs,  excepting  juft  at  the 
top,  but  afterwards  the  firft  of  the  three  in- 
creafed  confiderably.  The  two  others  fcarcely 
remained  longer  than  that  which  we  faw  on 
the  north  fide.  The  fécond,  on  the  fouth  fide, 
remained  about  a quarter  of  an  hour,  but  the 
firft  on  that  fide  remained  longer,  and  gave  us 
fome  apprehenfions.  At  firft  it  was  not  bigger 
than  my  finger,  afterwards  it  fwelled  as  thick 
as  my  arm,  then  as  my  leg,  and  at  laft  as  the 
trunk  of  a large  tree,  which  a man  might  en- 
compafs  with  both  his  arms.  We  diftindlly 
perceived  water  through  this  tranfparent  body, 
which  afeended  in  a Terpentine  manner.  Some- 
times it  diminiflied  in  fize  at  the  top,  and 
fometimes  at  the  bottom,  then  it  exactly  re- 
fembled  a tube  with  fome  fluid  matter  prefled 
with  the  fingers,  either  above  to  make  this 
liquor  defeend,  or  at  bottom  to  caufe  it  to 
afeend  ; and  I am  perfuaded  that  it  was  the 
violence  of  the  wind  which  caufed  thefe 
changes,  prefling  the  pipe  in  a fimilar  manner. 
After  this  it  diminiflied  lefs  than  my  arm,  then 
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returned  as  large  as  my  thigh,  and  then  again 
became  very  fmall  ; atlaft  I faw  the  water  that 
was  raifed  from  the  furface  began  to  lower, 
and  the  end  of  the  pipe  divided  from  it,  when, 
by  the  change  of  light  from  a cloud,  it  was  loft 
to  our  fight  ; I continued,  however,  to  obferve 
whether  it  returned,  becaufe  I had  remarked 
that  the  pipe  of  the  fécond  had  appeared  to  be 
broken  in  the  middle,  and  dire&ly  after  we 
faw  it  whole.  This  we  found  was  occafioned 
by  the  light  which  hid  the  half  from  us,  but  the 
laft  we  faw  no  more. 

“ Thefe  water- fpouts  are  very  dangerous,  for 
if  they  fall  on  a veflel  they  entangle  in  the 
fails  fo  much  that  fometimes  they  raife  it  up, 
and  afterwards  let  it  fall  with  fuch  violence  as 
to  fink  it  ; at  leaft  if  they  do  not  lift  the  veflel 
up  they  tear  all  the  fails,  or  let  the  water  they 
contain  fall  on  it,  and  which  often  finks  it  to 
the  bottom.  There  cannot  be  the  leaft  doubt 
but  it  is  by  fimilar  accidents  that  many  fhips, 
of  which  we  have  heard  no  accounts,  have 
been  loft,  fince  there  are  but  few  examples  of 
thofe  that  we  have  known  from  certainty  to 
have  perifhed  in  this  manner.” 

I fufpedt  there  are  many  optical  illufions  in 
the  above  account,  but  I have  recounted  them 
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as  related,  in  order  that  we  might  compare  them 
with  thofe  of  other  travellers.  The  following 
defcription  is  by  M.  Gentil,  in  his  voyage 
round  the  world  : “ At  eleven  o’clock  in  the 
morning,  the  air  being  filled  with  clouds,  we 
perceived  about  our  veffel,  at  a quarter  of  a 
mile  diftant,  fix  water-fpouts,  which  made  a 
noife  fimilar  to  that  of  water  flowing  in  fub- 
terraneous  canals,  and  increafed  until  it  refem- 
bled  the  whiffling  which  an  impetuous  wind 
makes  among  the  cordage  of  a fhip.  We  at 
firft  obferved  the  water  to  boil  up  about  a foot 
and  a half  above  the  furface.  Above  this  boil- 
ing there  appeared  a mixed  or  rather  a thick 
fmoke,  which  formed  a kind  of  canal,  that 
afcended  to  the  clouds.  Thefe  canals  inclined 
according  as  the  wind  moved  the  çlouds  to 
which  they  were  attached,  and  in  fpite  of  the 
wind’s  impulfion  they  not  only  adhered  to  them, 
but  even  lengthened  and  fhortened  themfelves 
in  proportion  as  the  clouds  rofe  higher  or  lower 
in  the  atmofphere. 

“ Thefe  phenomena  terrified  us  greatly,  and 
our  failors,  inftead  of  being  bolder,  fomented 
their  fears  by  the  difmal  tales  they  told  each 
other.  If  thefe  fpouts,  faid  they,  fall  on  our 
veffel,  they  will  lift  her  up,  and  then  fhe  will 
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fink  by  the  violence  of  her  fall.  Others  con- 
tended in  a decifive  tone  that  they  would  not 
raife  the  veflel  up,  but  if  they  met  it  in  their 
courfe,  being  full  of  water,  the  fhip  would 
break  the  communication  they  had  with  the 
fea,  and  the  whole  body  of  the  water  would 
fall  perpendicularly  on  the  deck  of  the  veflel 
and  fplit  her  to  pieces. 

“ To  prevent  this  misfortune  the  cannon 
was  loaded,  the  failors  pretending  the  report  of 
a cannon,  by  agitating  the  air,  diflipated  thefe 
phenomena  ; but  we  had  no  need  of  having  re- 
courfe  to  this  remedy,  for  when  they  had  run 
about  ten  minutes  about  the  fhip,  fome  at  a 
quarter  of  a league,  others  at  a lefs  diftance, 
we  perceived  the  canals  to  grow  narrower  by 
degrees,  till  they  got  loofe  from  the  furface  of 
the  fea  and  then  diflipated. ” 

It  appears,  from  the  defcription  given  by 
thefe  two  travellers,  the  water-fpouts  are  pro- 
duced, at  lead  in  part,  by  the  aftion  of  a fire 
or  fmoke  which  rifes  from  the  bottom  of  the 
fea  with  great  force,  and  that  they  are  quite 
different  from  thofe  produced  by  contrary 
winds. 

“Th  e water-fpouts,  fays  Mr.  Shaw,  which 
I had  an  opportunity  of  feeing,  appeared  as  fo 
vol.  il.  S many 
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many  cylinders  of  water  which  fell  from  the 
clouds,  although  by  the  refle&ion  of  the  co- 
lums  which  defcend,  or  by  the  drops  which 
detach  themfelves  from  the  water  they  contain, 
it  fometimes  feems,  efpecially  when  we  are  at 
fome  diftance,  that  the  water  is  drawn  up  from 
the  fea.  To  render  a reafon  for  this  pheno- 
mena, we  may  fuppofe  that  the  clouds  being 
collected  in  one  part  by  oppofite  winds,  they 
force  them  by  prefling  them  with  violence  to 
condenfeand  defcend  in  this  manner.” 

There  ftill  remain  many  fa£ts  to  be  acquir- 
ed before  we  can  give  a complete  explanation 
of  thefe  phenomena  ; it  appears  to  me,  that 
if  there  are  under  the  waters  of  the  fea,  at 
particular  places,  foils  mixed  with  fulphur, 
bitumen,  and  minerals,  thefe  matters  may  be 
inflamed  and  produce  a great  quantity  of  air, 
which  being  newly  generated  and  prodigioufly 
rarefied,  afcends  with  rapidity,  and  may  raife 
thefe  water- fpouts  from  the  fea  to  the  fky  ; fo 
likewife  if  by  inflammation,  the  fulphurous 
matters  which  a cloud  contains,  a current  of 
air  is  formed,  which  defcends  perpendicularly 
from  the  clouds  towards  the  fea,  all  its  water 
may  follow  the  current  of  airy  and  form  a 
water- fpout  which  will  fall  from  the  fky  upon 
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the  fea  ; but  it  muft  be  allowed  that  the  expla- 
nation of  this  kind  of  water-fpout,  no  more 
than  that  we  have  given  of  thofe  produced  by 
contrary  winds,  is  not  fatisfaflory  ; and  it  might 
be  afked  why  thefe  kinds  of  water-fpouts, 
which  fall  perpendicularly  from  the  clouds,  are 
not  as  often  feen  on  the  land  as  on  the  fea  ? 

The  Hiftory  of  the  Academy,  anno  1727, 
mentions  aland  water-fpout  which  appeared  at 
Capeftan,  near  Beziers  ; it  defcended  from  a 
cloud  like  a black  pillar,  which  diminifhed  by 
degrees,  and  at  length  terminated  in  a point 
upon  the  furface  of  the  earth.  It  obeyed  the 
wind  which  blew  from  weft  to  fouth-weft. 
It  was  accompanied  with  a very  thick  fmoke, 
and  made  a fimilar  noife  to  that  of  a troubled 
fea.  It  tore  up  and  carried  away  trees  to  the 
diftance  of  forty  or  fifty  feet,  marking  its  way 
by  a large  track,  on  which  three  carriages  might 
have  pafled  each  other.  There  appeared  another 
pillar  of  the  fame  kind,  but  which  foon  joined 
the  firft  ; and  after  the  whole  had  difappeared 
a great  quantity  of  hail  fell  on  the  earth. 

This  kind  of  water-fpout  appears  to  be  ftill 
different  from  the  other  two  : it  is  not  men- 
tioned to  have  contained  water  ; and  it  fee  ms, 
by  what  I have  related,  and  by  the  explanation 
S 2 given 
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given  thereon  by  M.  Andoque,  to  the  academy, 
that  this  water-fpout  was  only  a whirlwind, 
rendered  vifible  by  the  duft  and  condenfed  va- 
pours which  it  contained. 

In  the  fame  hiftory,  anno  1741,  a water- 
fpout  is  fpoken  of,  feen  on  the  lake  of  Geneva  ; 
the  upper  part  was  inclined  to  a very  black 
cloud,  and  the  lower,  which  was  narrower, 
terminated  a little  above  the  water.  This  phe- 
nomena remained  only  a few  minutes,  and  at 
the  moment  it  was  diffipated  a thick  vapour  was 
perceived  at  the  part  where  it  firft  appeared  ; 
the  waters  of  the  lake  boiled  and  feemed  to 
make  an  effort  to  rife  up.  The  air  was  very 
calm  during  the  whole  time  ; and  when  it  difap- 
peared  neither  wind  nor  rain  enfued.  “ After 
all  we  are  acquainted  with,5’  fays  thehiftorian 
of  the  Academy,  “ concerning  water-fpouts, 
is  not  this  another  proof  that  they  are  not  form- 
ed by  the  conflict  of  the  winds,  but  almoft  al- 
ways produced  by  volcanos  or  fubterraneous 
vapours,  from  which  we  know  the  bottom  of 
the  fea  is  not  exempt  ? Whirlwinds  and  hurri- 
canes, which  we  commonly  thought  to  be  the 
çaufe  of  thefe  appearances,  may  poffibly  be  only 
the  effe£l,  or  an  accidental  event  thereof.” 
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ARTICLE  XVI. 

OF  VOLCANOS  AND  EARTHQUAKES. 


HE  burning  mountains,  called  volcanos, 


contain  in  their  bowels  fulphur,  bitumen, 
and  other  matters  of  an  inflammable  nature,  the 
effects  of  which  are  more  violent  than  that  of 
gunpowder,  or  even  thunder,  and  have  from  the 
earlieft  ages  terrified  mankind,  and  defolated 
the  country.  A volcano  is  an  immenfe  cannon, 
•whofe  orifice  is  often  more  than  half  a league: 
from  this  w ide  mouth  are  vomited  forth  torrents 
of  fmoke  and  flames,  rivers  of  bitumen,  fulphur, 
and  melted  metals,  clouds  of  cinders  andftones, 
and  fometim.es  it  ejecis  enormous  rocks  to 
many  leagues  diftance,  which  human  powders 
united  could  not  move  : the  conflagration  is 
fo  terrible,  and  the  quantity  of  burnt,  melted, 
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calcined  and  vitrified  matters  which  the  moun- 
tain throws  out  is  fo  great,  that  they  deftroy 
cities  and  forefts,  cover  fields  an  hundred  and 
two  hundred  feet  in  thicknefs,  and  fometimes 
form  hills  and  mountains,  which  are  only  heaps 
of  thefe  matters  piled  up  together.  The  action 
of  this  fire,  and  the  force  of  its  explofion,  is 
fo  violent,  that  it  produces  by  its  re-a£tion  fuc- 
cuflions  which  lhake  the  earth,  agitate  the  fea, 
overthrow  mountains,  and  deftroy  the  moft 
folid  towers  and  edifices,  even  to  very  confi- 
derable  diftances. 

Thefe  eflreéts,  although  natural,  have  been 
looked  upon  as  prodigies  ; and  although  we  fee 
in  miniature,  by  fire,  effects  nearly  fimilar  to 
thofe  of  volcanos,  yet  there  is  fomething  in 
grandeur,  of  whatever  nature  it  may  be,  that  in- 
variably ftrikes  the  imagination  and  influences 
the  mind,  and  therefore  I am  not  furprifed  that 
fome  authors  have  taken  them  for  the  vents  of  a 
central  fire,  and  ignorant  people  for  the  mouths 
of  Hell.  Aftonifhment  produces  fear,  and 
fear  is  the  mother  of  fuperftition.  The  na- 
tives of  Iceland  imagine  the  roarings  of  the 
volcano  are  the  cries  of  the  damned,  and  its 
eruptions  the  effects  of  the  rage  of  devils,  and 
the  defpair  of  the  wretched. 
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All  its  effeéts,  however,  arife  from  fire  and 
fmoke  : veins  of  fulphur,  bitumen,  and  other 
inflammable  matters,  are  found  in  the  bowels 
of  mountains,  as  well  as  minerals  and  pyrites, 
which  ferment  when  expofed  to  air  or  humidi- 
ty, and  caufe  explofions  proportionate  to  the 
quantity  of  inflamed  matters.  This  is  the  juft 
idea  of  a volcano,  and  it  is  eafy  for  a philofo- 
pher  to  imitate  the  aétion  of  thefe  fubterranean 
fires  ; for  by  mixing  together  a quantity  of 
brimftone  and  iron  filings,  and  burying  them, 
in  the  earth  to  a certain  depth,  a fmall  volcano 
may  be  produced,  whofe  effedts  will  be  exaétly 
fimilar  ; for  this  mixture  inflames  by  fermen- 
tation, throws  off  the  earth  and  ftones  with 
which  it  is  covered,  and  fmokes,  flames,  and 
explodes  like  a real  volcano. 

In  Europe  are  three  famous  volcanos,  Mount 
Ætna,  in  Sicily,  Mount  Hecla,  in  Iceland,  and 
Mount  Vefuvius,  near  Naples,  in  Italy.  Mount 
Ætna  has  burnt  from  time  immemorial,  its 
eruptions  are  very  violent,  and  the  quantity  of 
matter  it  throws  out  is  fo  great,  that  after  dig- 
ging 68  feet  deep,  marble  pavements  and  the 
veftiges  of  an  ancient  town  have  been  found 
buried  under  this  thicknefs  of  matter,  in  the 
fame  manner  as  the  city  of  Herculaneum  has 

been 


buffon’s 


ï36 

been  covered  by  the  matter  thrown  out  from 
Vefuvius.  New  mouths  in  Ætna  were  opened 
in  1650,  1669,  and  at  other  times.  We  fee 
the  flame  and  fmoke  of  this  volcano  from 
Malta,  about  60  leagues  diftance  ; it  fmokes 
continually,  and  there  are  times  when  it  vomits 
flames,  {tones,  and  matters  of  every  kind  with 
impetuofity.  In  1537,  there  was  an  eruption 
of  this  volcano,  which  caufed  an  earthquake  in 
Sicily  that  continued  for  12  days,  and  which 
overthrew  a number  of  houfes  and  public  ftruc- 
tures  ; it  ceafed  by  the  opening  of  a new 
mouth,  the  lava  from  which  burnt  every  thing 
within  five  leagues  of  the  mountain.  The 
cinders  thrown  out  by  the  volcano  were  fo 
abundant,  andejé&ed  with  fo  much  force,  that 
they  were  driven  as  far  as  Italy  ; and  veflels  at 
fome  diftance  from  Sicily,  were  incommoded 
by  them.  Farelli  fays  the  foot  of  this  moun- 
tain is  100  leagues  in  circumference. 

This  volcano  has  now  two  principal  mouths, 
one  narrower  than  the  other  ; fmoke  comes 
continually  from  them,  but  flames  never  iflue 
but  during  the  time  of  eruptions  ; it  is  pro- 
tended  that  large  ftones  have  been  thrown  out 
by  them  to  the  diftance  of  60, coo  feet. 
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In  1683  a violent  eruption  caufed  a terrible 
earthquake  in  Sicily,  it  entirely  deftroyed  the 
town  of  Catanea,  and  killed  more  than  60,000 
perfons  in  that  town,  befides  thofe  which  were 
deftroyed  in  the  neighbouring  towns  and  vil- 
lages. 

HecJa  throws  out  its  fires  through  the  ice 
and  fnow  of  a frozen  land  ; its  eruptions  are 
nevertheless  as  violent  as  thofe  of  Ætna,  and 
other  volcanos  of  fouthern  countries.  It  throws 
out  cinders,  lava,  pumice  ftones,  and  Sometimes 
boiling  water  : it  is  not  inhabitable,  within  fix: 
leagues  of  this  volcano,  and  the  whole  ifland  of 
Iceland  is  very  abundant  in  fulphur.  The 
hiftory  of  the  violent  eruptions  of  Hecla  are 
recorded  by  Dithmar  Bleffken. 

Mount  Vefuvius,  according  to  the  hiftorians, 
did  not  begin  burning  till  the  feventh  Confulate 
of  Titus  Vefpafian  and  Flavius  Domitian,  the 
top  being  opened,  it  at  firft  threw  out  ftones 
and  rocks,  afterwards  fire  and  lava,  which  burnt 
two  neighbouring  towns,  and  emitted  fuch 
thick  fmoke,  that  it  obfcured  the  light  of  the 
fun.  Pliny  the  elder,  defirous  of  examining 
this  conflagration  nearer,  was  Suffocated  by  the 
fmoke  #. 

VOL.  II.  T Dion 

* See  the  Epiftle  of  Piiny,  jun.  to  Tacitus. 
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Dion  Caflîus  relates,  that  this  eruption  was 
fo  violent,  that  cinders  and  fulphurous  fmoke 
were  driven  as  far  as  Rome,  and  even  beyond 
the  Mediterranean  into  Africa.  Heraclea  was 
one  of  the  two  towns  burned  by  this  firft  con- 
flagration of  Vefuvius,  which  in  thefe  latter 
times  has  been  difcovered  at  more  than  60  feet 
deep,  the  furface  above  which  was  become  by 
length  of  time  arable  land  and  fit  for  culture. 
The  relation  of  the  difcovery  of  Heraclea  is 
in  the  hands  of  the  public,  and  we  can  only 
wifh  that  fome  perfon  verfed  in  Natural  Hif- 
tory  would  examine  the  different  matters 
which  compofe  this  foil  of  60  feet,  attending 
to  their  difpofition  and  lituation,  the  alterations 
they  have  produced  or  fuffered,  the  direction 
they  have  taken,  and  the  hardnefs  they  have 
acquired. 

There  is  an  appearance  that  Naples  is 
fituate  on  a hollow  ground,  filled  with  burning 
materials,  for  Vefuvius  and  Solfatera  feem  to 
have  interior  communications.  When  Ve- 
fuvius cafts  out  lava,  Solfatera  emits  flames, 
and  when  the  one  ceafes  the  other  is  extin- 
guifhed.  The  city  of  Naples  is  fituate  nearly 
between  them. 


One 
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One  of  the  laft  and  mod  violent  eruptions 
of  Mount  Vefuvius  was  in  the  year  1737 
The  mountain  vomited,  by  feveral  mouths, 
large  torrents  of  burning  metallic  matters, 
which  difperfed  themfelves  over  the  country, 
and  flowed  into  the  fea.  Monf.  Montealegre, 
who  communicated  this  relation  tothe  Academy 
of  Sciences,  obferved  with  horror  one  of  thefe 
rivers  of  fire,  whofe  length  from  the  mountain 
to  the  fea  was  about  feven  miles,  its  breadth 
about  60  feet,  its  depth  25  or  30  palms,  and 
in  bottoms  or  vallies  120  : the  matter  which 
flowed  was  like  the  fcum  which  iflues  from 
the  furface  of  a forge,  &c.  t 

In  Afia,  particularly  in  the  iflands  of  the 
Indian  Ocean,  there  are  many  volcanos  ; one 
of  the  mod  famous  is  Mount  Albours,  near 
Mount  Taurus,  eight  leagues  from  Herat  ; its 
fummit  continually  fmokes,  audit  frequently 
throws  out  flames  and  burning  matter  in  fuch 
quantities,  that  the  furrounding  country  is  co- 
vered with  cinders.  In  the  ifland  of  Ternate 
there  is  a volcano  which  throws  out  matter 
T 2 like 

* It  fhould  be  remembered,  as  noticed  by  Mr.  Smellie,  that 
the  original  of  this  work  was  published  by  our  author  in  1740, 
£nce  when  Vefuvius  has  undergone  feveral  eruptions, 
f See  the  Hilt.  Acad.  an.  1737. 
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like  pumice-dones.  Some  travellers  aflert  that 
this  volcano  is  mod  furious  at  the  time  of  the 
equinoxes,  becaufe  certain  winds  then  reign 
there,  which  inflame  the  matter  that  feeds,  and 
has  fed  this  fire  for  a number  of  years*. 

The  ifland  of  Ternate  is  but  feven  leagues 
round,  and  is  only  the  fummit  of  a mountain  ; 
it  gradually  afcends  from  the  fhore  to  the 
middle  of  the  ifland,  where  the  volcano  rifes 
to  a confiderable  height,  to  the  top  of  which 
it  is  very  difficult  to  attain.  Many  rills  of 
fweet  water  defcend  along  the  ridge  of  this 
mountain,  and  when  the  air  is  calm,  and  the 
feafon  mild,  this  burning  gulph  is  in  lefs  agi- 
tation than  during  dorms  and  high  winds  t. 
This  confirms  what  I have  faid  in  a former 
article,  and  feems  to  prove  that  the  fire  of 
volcanos  does  not  proceed  from  any  confi- 
derable depth,  but  from  the  top,  or  at  lead  not 
far  didant  from  the  fummit  of  the  mountain  ; 
for  if  it  was  not  fo  the  high  winds  could  not 
increafe  their  combudion.  There  are  other 
volcanos  in  the  Malaccas.  In  one  of  the 
Mauritius  iflands,  70  leagues  from  the  Ma- 
laccas, there  is  a volcano,  whofe  effects  are  as 

violent 

* See  Argenfola’s  Travels,  vol.  I,  page  21. 

4 See  the  T»avcls  of  Schouten. 
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violent  as  thofe  of  Mount  Ternate.  Sorca 
ifland,  one  of  the  Malaccas,  was  formerly  in- 
habited. In  the  middle  of  this  ifland  there  is 
a lofty  mountain,  with  a volcano  at  the  top. 
In  1693  this  volcano  vomited  bitumen  and  in- 
flamed matters  in  fuch  a great  quantity  as  to 
form  a burning  lake,  and  which  covered  the 
whole  ifland  #. 

At  Japan,  and  in  the  adjacent  iflands,  there 
are  feveral  volcanos,  which  emit  flames  during 
the  night  and  fmoke  in  the  day.  At  the  Phil- 
lippine  iflands  there  are  alfo  burning  moun- 
tains. One  of  the  moft  famous  volcanos  of  the! 
iflands  in  the  Indian  ocean,  and  the  moft  re- 
cent, is  that  near  the  town  of  Panarucan,  in 
the  ifland  of  Java  ; it  opened  in  1586,  and  at’ 
the  firft  eruption  it  threw  out  an  enormous 
quantity  of  fulphur,  bitumen,  and  ftones.  The 
fame  year  Mount  Gounapi,  in  the  ifland  of 
Banda,  which  continued  only  feventeen  years, 
opened  and  eje£ted,  with  a frightful  noife, 
rocks  and  matters  of  every  kind.  There  are 
alfo  fome  other  volcanos  in  India,  as  at  Su- 
matra, and  in  the  north  of  Afia,  but  thofe  are 
not  confiderable. 

In 


See  Phil.  Tranf.  ab.  vol.  II.  page  391. 
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In  Africa  there  is  a mountain,  or  rather  a 
cavern,  called  Beniguazeval,  near  Fez,  which 
always  emits  fmoke,  and  fometimes  flames. 
One  of  the  iflands  of  Cape  de  Verd,  called  the 
Fuogo,  is  only  a large  mountain  which  burns 
continually  ; this  volcano,  throws  out  cinders 
and  ftones  ; and  the  Portugueze,  who  have  at- 
tempted feveral  times  to  ere£t  habitations  in 
this  ifland,  have  been  conflrained  to  abandon 
the  project  through  dread  of  the  volcano.  The 
Peak  of  Teneriffe,  confidered  as  one  of  the 
higheft  mountains  of  the  earth,  throws  out  fire, 
cinders,  and  large  ftones  ; from  its  top  rivulets 
of  melted  fulphur  flow  acrofs  the  fnow,  where 
it  forms  veins  that  are  diftinguiftiable  at  a great 
diftance. 

In  America  there  are  a great  number  of  vol- 
canos, particularly  in  the  mountains  of  Peru  and 
Mexico  ; that  of  Arequipa  is  one  of  the  moft 
famous  ; it  often  caufes  earthquakes  which  are 
more  common  in  Peru  than  in  any  other  country 
in  the  world.  The  volcano  of  Carrappa  and 
that  of  Malahallo  are,  according  to  the  report 
of  travellers,  the  moft  confiderable  next  to 
that  of  Arequipa  ; but  there  are  many  others 
in  thefe  parts  of  which  we  have  no  exad  know- 
ledge. M.  Bourguet,  in  his  voyage  to  Peru, 

publifhed 
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publifhed  in  the  Memoirs  of  the  Academy  of  the 
year  1744,  mentions  two  volcanos,  called  Coto- 
paxi and  Pichincha  ; the  firft  at  fome  diftance 
from,  the  other  near  the  town  of  Quito;  he  was 
witnefs  of  a conflagration  of  Botopaxi  in  1742, 
and  of  the  orifice  which  was  made  in  that  moun- 
tain ; this  eruption  did  no  other  damage  than 
melting  the  fnow  and  producing  fuch  torrents 
of  water,  that  in  lefs  than  three  hours  inundat- 
ed a traél  of  country  18  leagues  in  extent,  and 
overthrew  all  they  met  with  in  their  way. 

At  Mexico  the  moft  confiderable  volcanos 
are  Popochampeche,andthe  Popoatepec  ; it  was 
near  this  laft  that  Cortes  pafled  in  his  voyage  to 
Mexico;  fome  of  the  Spaniards  afcendedto  the 
top,  where  they  faw  the  mouth,  which  was 
about  half  a league  in  circumference.  Sulphur- 
ous mountains  are  alfo  met  with  at  Guada- 
loupe,  Tercera,  and  other  iflands  of  the  Azo- 
res ; and  if  we  were  to  confider  as  volcanos  all 
thofe  mountains  which  fmoke,  or  emit  flames, 
we  might  reckon  more  than  fixty  ; we  have 
only  fpoken  of  thofe  formidable  volcanos,  near 
which  no  perfon  dares  to  inhabit. 

Thefe  volcanos, which  are  in  fuch  great  num- 
bers in  the  Cordeliers,  as  I have  formerly  faid, 
caufe  almofl:  continual  earthquakes,  which  pre- 
vent 


buffon’s 


144 

vent  the  natives  from  building  with  (lone 
above  one  ftory  high,  and  to  conftruû  the 
upper  ftories  of  their  houfes  with  reeds  and 
light  wood.  In  thefe  mountains  are  alfo  many 
precipices  and  large  vents,  the  fides  of  which 
are  black  and  burnt,  as  in  the  precipice  of 
Mount  Ararat,  in  Armenia,  which  is  called 
the  Abyfs  ; thefe  abyfles  are  the  mouths  of  ex- 
tinguifhed  volcanos. 

There  was  lately  an  earthquake  at  Lima, 
the  effeâs  of  which  were  dreadful.  The  town 
of  Lima  and  Port  Callao  were  almoft  entirely 
fvvallowed  up  ; but  the  evil  was  ftill  greater  at 
Callao.  The  fea  rofe  and  covered  every  build- 
ing in  that  town,  drowned  all  the  inhabitants, 
and  left  only  one  fingle  tower  remaining.  Of 
twenty-five  fhips  that  were  in  this  port,  four 
were  carried  a league  upon  land,  and  the  reft 
were  fwallowed  up  by  the  fea.  At  Lima,  which 
was  a large  town,  there  remains  only  twenty- 
feven  houfes  ftanding,  a great  number  of  per- 
fons  were  buried  in  the  ruins,  particularly 
Monks  and  religious  perfons,  as  their  buildings 
were  higher  and  conftruéled  of  more  folid  ma- 
terials than  the  other  houfes.  This  misfortune 
happened  at  night,  in  October  1746.;  the  (hock 
remained  fifteen  minutes. 


There 
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There  was  formerly  near  the  port  of  Pifca, 
in  Peru,  a famous  city,  fituate  on  the  fea  fhore, 
which  was  almoft  entirely  deftroyed  by  an  earth- 
quake that  happened  the  19th  of  Odtober  1682  ; 
for  the  fea  havingextended  beyond  its  common 
bounds,  fwallowed  up  this  unfortunate  place 
with  every  perfon  that  was  in  it. 

If  we  confult  hiftorians  and  travellers,  we 
(hall  find  relations  of  many  earthquakes  and 
eruptions  of  volcanos,  whofe  effedts  have  been 
as  terrible  as  thofe  we  have  juft  mentioned. 
Pefidonius,  whom  Strabo  quotes  in  his  firft 
book,  relates,  that  a city  in  Phoenicia,  near 
Sidon,  was  fwallowed  up  by  an  earthquake, 
with  the  neighbouring  territory,  and  even  two 
thirds  of  Sidon  ; this  effedt  was  not  fo  fudden 
but  that  many  of  the  inhabitants  had  time 
to  avoid  it  by  flight.  This  (hock  extended 
throughout  all  Syria,  and  as  far  as  the  Cyclade 
iflands,  and  into  Euboea,  where  the  fountains 
of  Arethufa  fuddenly  flopped,  and  did  not  re- 
appear for  many  days  after,  and  then  by  many 
new  fprings  remote  from  the  old  ones  ; that 
this  earthquake  did  not  ceafe  from  fhaking  the 
ifland,  fometimes  in  one  part  and  fometimes  in 
another,  until  the  earth  opened  in  the  valley 
of  Lepanta,  and  ejedted  a great  quantity  of 
vol.  11.  U lava 
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lava  and  other  inflamed  matters.  Pliny,  in 
his  firft  book,  chap.  84,  relates,  that  in  the 
reign  of  Tiberius  an  earthquake  happened 
which  overthrew  twelve  towns  in  Afia  : and  in 
his  fécond  book  he  mentions  a prodigy  caufed 
by  an  earthquake.  St.  Auguftine  records,  that 
by  a great  earthquake  there  were  towns  over- 
thrown in  Lybia.  In  the  time  of  Trajan,  the 
town  of  Antioch,  and  a great  part  of  the  ad- 
jacent country  were  fwallowed  up  by  an  earth- 
quake ; and  in  the  time  of  Juftinian,  in  528, 
it  was  a fécond  time  dettroyed  by  the  fame 
caufe,  with  upwards  of  40,000  of  its  inhabi- 
tants. Sixty  years  after,  in  the  time  of  St. 
Gregory,  it  felt  the  effects  of  a third  earth- 
quake, when  60,000  of  its  inhabitants  perifhed. 
In  the  time  of  Saladin,  in  1182,  mod  of  the 
towns  of  Syria  and  Judea  were  deftroyed  by 
the  fame  calamity.  In  Calabria  and  Apulia, 
there  have  been  more  earthquakes  than  in  any 
other  part  of  Europe.  In  the  time  of  Pope 
Pius  II.  all  the  churches  and  palaces  of  Naples 
were  overthrown,  and  above  30,000  of  its 
inhabitants  killed;  the  remainder  were  obliged 
to  live  in  tents  till  houfes  were  built.  In  1629, 
there  were  earthquakes  in  Apulia,  which  de- 
flroyed  7000  perfons,  and  in  1638,  the  towrn 

of 
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of  St.  Euphemia  was  fwallowed  up,  and  there 
remains  only  a {linking  lake  in  its  place. 
Ragufa  and  Smyrna,  at  the  fame  time,  were 
alfo  almoft  deftroyed.  There  was  an  earth- 
quake in  1692,  which  extended  into  England, 
Holland,  Flanders,  Germany,  and  France  ; 
it  was  chiefly  felt  on  the  fea  coafts  and  near 
large  rivers,  it  {hook  at  leaft  2600  fquare 
leagues  ; it  lafted  only  two  minutes,  and  the 
motion  was  more  confiderable  on  mountains 
than  in  vallies*.  On  the  10th  of  July,  1688, 
there  was  an  earthquake  at  Smyrna,  whicji 
began  by  a motion  from  weft  to  eaft  ; the  caftle 
was  at  firft  overthrown,  its  four  walls  being 
divided  and  funk  fix  feet  in  the  fea  ; this  caftle 
ftood  upon  an  ifthmus,  but  is  at  prefent  a real 
ifland,  about  100  paces  diftant  from  the  land. 
The  walls  from  eaft  to  weft  are  fallen  down, 
thefe  from  north  to  fouth  are  yet  {landing  ; 
thecity,  which  is  10  miles  from  the  caftle,  was 
deftroyed  {hortly  after  ; in  many  places  the 
earth  opened,  and  fubterraneous  noifes  were 
heard;  five  or  fix  {hocks  were  felt  as  night 
came  on,  the  laft  continued  only  half  a minute  ; 
the  {hips  in  the  road  were  fliaken  ; the  ground 
of  the  town  was  lowered  about  two  feet  ; not 
U 2 above 

* See  Ray’s  Dilcourfes,  page  272. 
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above  a quarter  of  the  town  withftood  the 
fhock,  and  thofe  principally  the  houfes  which 
flood  on  rocks  ; from  15  to  20,000  perfons 
are  computed  to  have  been  buried  under  the 
ruins*.  In  1695,  an  earthquake  was  felt  at 
Bologna  in  Italy,  and  it  was  remarked  as  a 
particular  circumflance,  that  the  water  was 
much  troubled  a day  before  *. 

“ At  Tercera  there  happened  an  earthquake 
on  the  4th  of  May,  1614,  which  overthrew  in 
the  town  of  Angra  eleven  churches  and  nine 
chapels,  befides  private  houfes  ; and  in  the 
town  of  Praya  it  was  fo  terrible,  that  fcarcely 
an  houfe  was  left  ftanding.  On  the  1 6th  of 
June  1628,  there  was  an  earthquake  in  the 
illand  of  St.  Michael,  the  effefts  of  which  was 
fo  great  that  in  a place  where  the  fea  was  more 
than  an  150  fathoms  deep  an  illand  was  thrown 
up  more  than  a league  and  a half  long,  and  up*, 
wards  of  60  fathoms  hight.  Another  happened 
in  1691,  in  the  illand  of  St.  Michael,  which 
began  the  6th  of  July,  and  lalted  till  the  12th 
of  the  following  month  : Tercera  and  Fayal 
were  agitated  the  next  morning  with  fo  much 
violence,  that  they  appeared  to  move  but 

thefe 

* See  the  Hitt,  of  the  Âcad.  des  Sciences,  anno  16S8. 
f anno  1696.  J See  the  Voyages  of  Mandelfo- 
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thefe  frightful  fhocks  returned  there  only  four 
times,  whereas  at  St.  Michael  they  did  not 
ceafe  a moment  for  feveraldays.  The  iflanders 
quitted  their  houfes,  which  they  fawfall  before 
their  eyes,  and  remained  all  the  time  in  the 
fields  expofed  to  the  injuries  of  the  weather. 
Thç  whole  town  of  Villa  Franca  was  over- 
thrown to  its  very  foundation,  and  molt  of  the 
inhabitants  buried  under  its  ruins.  In  many 
parts  the  plains  rofe  into  hills,  and  in  others 
mountains  were  flattened  into  vallies.  A 
fpring  of  water  iflued  from  the  earth,  which 
flowed  for  four  days,  and  then  ceafed  all  on  a 
fudden.  The  air  and  fea,  ftill  more  agitated, 
refounded  with  a ncife  which  might  have  been 
taken  for  the  roaring  of  a number  of  wild  ani- 
mals. Many  perfons  died  with  the  fright  ; the 
fhips  in  the  harbour  fuffered  dangerous  fhocks, 
and  thofe  which  were  at  anchor,  or  under  fail 
at  20  leagues  diftant  from  the  iflands,  received 
great  damage.  Earthquakes  are  frequent  in 
the  Azores,  and  about  twenty  years  before  a 
mountain  in  St.  Michael  was  overturned  by  one 
of  them  *. 

In  Manilla,  in  the  month  of  September, 
1627,  an  earthquake  levelled  one  of  the  two 

mountains 

* Hift.  of  Voyages. 
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mountains  called  Carvallos,  in  the  province  of 
Cagayon  ; in  1645,  one  third  of  the  town  was 
deftroyed  by  a like  accident,  and  300  perfons 
perifhed.  The  fucceeding  year  it  experienced 
another  ; and  the  ancient  Indians  fay  they  were 
more  terrible  formerly,  which  was  the  reafon 
they  built  their  houfes  only  of  wood  ; a cuf- 
tom  ftill  continued  and  which  the  Spaniards 
follow. 

“ The  quantity  of  volcanos  in  this  ifland 
confirms  that  aflertion  ; becaufe  at  certain 
times  they  vomit  forth  flames,  fhake  the  earth 
and  perform  all  the  effe&s  Pliny  attributes  to 
thofe  of  Vefuvius  ; that  is,  they  change  the  beds 
of  rivers,  drive  back  the  adjacent  fea,  fill  with 
cinders  the  neighbouring  plains,  and  throw  out 
flones  to  great  diftances,  with  reports  louder 
than  thofe  of  cannons  *. 

“ In  1646,  a mountain  in  the  ifland  of  Ma- 
chian  fplit  by  an  earthquake,  with  a dreadful 
noife  ; from  this  opening  iflued  a number  of 
flames  which  deftroyed  feveral  plantations  with 
the  inhabitants  and  all  that  was  therein.  In 
the  year  1685,  this  prodigious  crack  was  to  be 
feen  and  probably  is  ftill  apparent  ; it  is  called 
the  Path  ofMachian,  becaufe  it  defcends  from 

the 

* See  le  Voyage  de  Gemclli  Careri,  page  120. 
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the  top  to  the  bottom,  like  a road  hollowed  out, 
but  which  at  a diftance  appears  like  a path 
The  hiftory  of  the  French  Academy  men- 
tions in  the  following  terms  the  earthquakes 
that  took  place  in  *702  and  1703.  “ The 

earthquakes  began  in  Italy  in  Odtober  1702, 
and  continued  till  July  1703  ; the  country 
which  fuffered  the  moft  by  them  ; and  where 
they  began  is  the  town  of  Norcia,  with  its  de- 
pendencies under  the  ecclefiaftical  government, 
and  the  province  of  Abruzzo,  which  are 
fituated  at  the  foot  of  the  Appenines  on  the 
fouth  fide. 

“ They  were  often  accompanied  with  terrible 
noifes  in  the  air,  which  alfo  were  heard  without 
any  dreadful  effe&s  when  the  Iky  was  ferene. 
The  earthquake  which  happened  on  the  2d  of 
February  1703  was  the  moft  violent  ; it  was 
accompanied,  at  leaft  at  Rome,  with  a great 
ferenity  of  fky  and  calmnefs  in  the  air.  It 
lafted  at  Rome  half  a minute,  and  at  Aquila,the 
capital  of  Abruzzo,  three  hours.  It  deftroyed 
the  whole  town  of  Aquila,  buried  5000  perfons 
under  the  ruins,  and  made  great  havock  in  the 
environs.  The  vibration  of  the  earth,  accord- 
ing 

* See  the  Hift.  of  the  Conqueft  of  the  Malaccas,  vol.  III. 
p.  318. 
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ing  to  the  obfervations  made  by  the  lamps  în 
the  churches,  was  from  fouth  to  north. 

“ It  opened  two  places  from  whence  iflued 
a great  quantity  of  ftones,  which  entirely  co- 
vered it  and  rendered  it  barren  : after  the  ftones 
they  threw  out  water  above  the  height  of  the 
trees;  this  lafted  half  an  hour  and  inundated 
the  adjacent  fields.  The  water  was  whitifh,like 
foap  fuds,  and  had  not  any  remarkable  tafte. 

“ A mountain  near  Sigillo,  a city  twenty- 
two  miles  diftant  from  Aquila,  had  on  its  fum- 
mit  a very  large  plain  furrounded  with  rocks 
like  a wall.  The  earthquake  of  the  2d  of 
February  changed  this  plain  into  a gulph 
of  unequal  breadth,  whofe  greateft  diameter  is 
twenty-five  fathoms  and  the  leaft  twenty  ; the 
depth  of  it  has  not  been  difcovered,  although 
a line  300  fathoms  has  been  let  down  in  it. 
At  the  time  this  opening  was  made,  flames 
were  feen  to  iflue  out,  and  afterwards  a great 
fmoke  which  lafted  three  days  with  fome  in- 
terruptions. 

“ At  Genoa,  on  the  ift  and  2d  of  July,  1703, 
there  were  two  flight  earthquakes,  the  laft  was 
felt  only  by  the  people  on  the  pier  ; at  the 
fame  time  the  Tea  in  the  port  funk  fix  feet, 
and  remained  fo  a quarter  of  an  hour. 
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“ The  fulphurous  water  in  the  road  from 
Rome  to  Tivoli  is  diminifhed  two  feet  and  a 
half,  both  in  the  bafon  and  in  the  canal.  In 
many  places  of  the  plain,  called  Tefline,  the 
fprings  and  rivulets,  which  formed  morafles, 
are  all  dried  up.  The  waters  of  the  lake 
called  l’Enfer  is  alfo  lowered  three  feet.  In 
place  of  the  ancient  fprings  new  ones  have 
appeared  at  about  a league  diftance,  fo  that 
poffibly  they  are  the  fame  waters  which  have 
changed  dire£tion  #. 

“ The  fame  earthquake  which,  in  1538, 
formed  Mouti  di  Cinere,  near  Pozzoli,  filled 
lake  Lucrin  with  {tones,  earth,  and  cinders,  fo 
that  this  lake  is  now  a marfhy  ground  t.” 

“ There  are  earthquakes  alfo  felt  at  fome 
diftance  at  fea,  fays  Mr.  Shaw;  in  1774,  being 
on  board  the  Gazella,  an  Algerine  veffel, 
mounting  50  guns,  three  violent  fhocks  were 
felt  one  after  the  other,  as  if  every  time  a 
weight  of  20  or  30  tons  had  been  thrown  on 
the  ballaft.  This  happened  in  a part  of  the 
Mediterranean  that  was  more  than  200  fa- 
thom deep.  He  relates  alfo,  that  others  had 
felt  earthquakes  much  more  confiderable  in 
VOL.  11.  X other 

* Anno  1704,  page  io. 

4 See  Ray’s  Difcoui'fes,  page  12. 
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other  parts,  and  one  among  the  reft  at  40 
leagues  weft  from  Liflbon 

Schouten,  fpeaking  of  an  earthquake  in  the 
Malacca  iflands,  fays,  that  the  mountains  were 
fhaken,  and  the  vefiels  at  anchor  in  30  or  40 
fathoms  water  were  fhook,  as  if  they  had 
ftruck  againft  rocks  or  banks.  “ Experience, 
continues  he,  teaches  us  every  day  that  the 
fame  happens  in  the  open  fea,  where  no  bot- 
tom is  to  be  met  with,  and  that  flips  are  tofled 
to  and  fro  by  earthquakes,  even  where  the  fea 
is  tranquil. ” 

Gentil,  in  his  voyage  round  the  world, 
fpeaks  of  earthquakes  in  the  following  terms  : 
“ I have,  fays  he,  made  fome  remarks  onthefe 
earthquakes  ; firft,  that  half  an  hour  before  the 
earth  is  agitated  every  animal  is  ftruck  with 
fear  ; horfes  fnort,  break  their  faftenings,  and 
fly  from  the  ftable  ; dogs  bark  ; birds,  as  if 
ftupified,  fly  into  houfes  for  fafety  ; and  rats 
and  mice  quit  their  holes.  Secondly,  that 
vefiels  at  anchor  are  fo  violently  agitated,  that 
every  part  of  them  feems  as  if  going  topieees, 
the  cannons  force  themfelves  loofe,  and  the 
mafts  break  in  feveral  places.  Thefe  fafls  I 
ftiould  fcarcely  have  given  credit  to  if  many 

unanimous 


* See  Shaw’s  Travels. 


NATURAL  HISTORY. 


*55 


unanimous  teftimonies  had  not  convinced  me. 
I know  the  bottom  of  the  fea  is  a continuation 
of  the  land,  and  that  if  one  is  agitated  it  will 
communicate  to  the  other  ; but  I could  not 
conceive  how  every  part  of  a veffel,  floating  in 
a fluid,  fhould  be  affected  in  the  fame  manner 
as  if  fhe  was  on  the  earth  : it  appeared  to  me 
that  her  motion  fhould  have  been  fuch  as  fhe 
experiences  in  a ftorm  ; befides,  in  the  circum- 
ftance  which  I fpeak  of,  the  furface  of  the  fea 
was  fmooth,  and  there  was  no  wind.  Thirdly, 
that  if  the  cavern  of  the  earth,  where  this  fub- 
terraneous  fire  is  contained,  has  a direâion 
from  north  to  fouth,  and  if  the  buildings  of  an 
adjacent  town  are  in  a parallel  line  with  it,  all 
the  houfes  are  overthrown,  whereas  if  this  vein 
or  cavern  executes  its  effects  by  the  breadth  of 
the  town,  the  devaftation  of  the  earthquake  is 
much  lefs  confiderabie  #. 

In  countries  fubjedt  to  earthquakes  when 
a new  volcano  breaks  out  earthquakes  ceafe, 
and  are  only  felt  in  the  violent  eruptions  of 
the  volcano,  as  is  obferved  in  the  ifland  of  St. 
Chriftopher  t. 

X 2 The 

* See  GentiPs  Voyages,  voî.  I.  page  172,  & c. 

•J*  See  Abridgement  of  Phil.  Tranf.  vol.  XI.  page  302. 
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The  enormous  ravages  produced  by  earth- 
quakes have  made  fome  naturalifts  think  that 
mountains  and  other  inequalities  of  the  furface 
of  the  globe  were  only  the  eife6ts  of  fubterra- 
neous  fires,  and  that  all  the  irregularities  mull 
be  attributed  to  the  violent  fhocks  which  they 
have  produced.  This,  for  example,  is  the 
opinion  of  Mr.  Ray  ; he  imagines  that  all 
mountains  have  been  formed  by  earthquakes, 
or  the  explofion  of  volcanos,  as  Monti  di 
Cinere,  the  new  ifland  near  Santorini,  &c.  but 
he  has  not  confidered  that  the  flight  elevations 
formed  by  the  eruption  of  a volcano,  or  by  the 
a£lion  of  an  earthquake,  are  not  internally 
compofed  of  horizontal  flrata,  as  all  other 
mountains  are  ; for  by  digging  in  the  Monti 
di  Cinere  we  meet  with  calcined  Hones,  cin- 
ders, burnt  earths,  metallic  drofs,  pumice- 
ftones,  &c.  all  mixed  and  confounded  like  a 
heap.  Befides,  if  earthquakes  and  fubterra- 
neous  fires  had  produced  the  great  mountains  of 
the  earth,  as  the  Cordeliers,  Mount  Taurus, 
the  Alps,  &c.  the  prodigious  force  neceflary  to 
raife  thefe  enormous  mattes  might,  at  the  fame 
time,  have  deftroyed  a great  part  of  the  furface 
of  the  globe  ; and  earthquakes,  requifite  to 
produce  fuch  effeéts,  muft  have  been  of  incon- 
ceivable 
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conceivable  violence,  fince  the  moft  famous  of 
which  hiftory  makes  mention  have  not  had 
fufficient  power  to  form  a Angle  mountain  ; 
for  example,  in  the  time  of  Valentian  I.  an 
earthquake  happened,  which  was  felt  through- 
out all  the  known  world # ; and  yet  not  a moun- 
tain was  thrown  up  by  it. 

It  is  neverthelefs  certain,  that  although  we 
might  be  able  to  find  an  earthquake  fufficiently 
powerful  to  throw  up  the  higheft  mountains,  it 
would  not  be  fufficient  to  diforder  the  reft  of 
the  globe. 

For  fuppofing  that  the  chain  of  the  higheft 
mountains  which  crofs  South  America  from 
the  Magellanic  lands  to  New  Grenada,  and  the 
Gulph  of  Darien,  had  been  produced  by  an 
earthquake,  and  then  let  us  fee  by  calculations 
the  effect  of  this  explofion.  This  chain  of 
mountains  is  near  1700  leagues  in  length,  and 
commonly  forty  in  breadth,  comprehending  the 
Sieras,  which  are  not  fo  lofty  as  the  Andes. 
The  furface  therefore  is  68,000.  fquare leagues  ; 
I fuppofe  the  thicknefs  of  the  matter  dis- 
placed by  the  earthquake  to  be  about  one 
league,  that  is,  the  height  of  thefe  mountains 

taken 


* As  Ammianus  Marcellinus  relates,  lib.  26.  cap.*  14. 
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taken  from  the  top  to  the  caverns,  which  ac- 
cording to  this  hypothefis  muft  fupport  them 
is  one  league,  then  I fay,  the  power  ot  an  ex- 
plofion  muft  have  raifed  a quantity  of  earth 
equal  to  68*000  cubical  leagues  to  a league  in 
height.  Now  the  action  being  equal  to  the  re- 
action, this  explofion  muft  have  communicated 
the  fame  motion  to  the  reft  of  the  globe.  The 
whole  globe  confifts  of  12,310,523,801  cubical 
leagues,  from  which  fubtraCling  68,000,  there 
remains  12,310,455,801  cubical  leagues,  the 
quantity  of  which  motion  will  be  equal  to  that 
of  68,000  cubical  leagues  raifed  one  league  ; 
from  whence  we  perceive  that  the  force  which 
will  have  been  great  enough  to  elevate  68,000 
cubical  leagues  would  not  have  difplaced  the 
whole  globe  a fingle  inch* 

There  would  therefore  be  no  abfolute  im- 
poftibility  in  the  fuppofition  that  mountains 
have  been  raifed  by  earthquakes,  if  their  in- 
ternal compofition  as  well  as  their  external 
form  were  not  evident  proofs  of  their 
being  the  work  of  the  fea.  Their  internal 
parts  are  compofed  of  regular  and  parallel 
ftrata,  intermingled  with  fhells,  and  their  ex- 
ternal confifts  of  a figure  whofe  angles  are 
every  where  correfpondent  : is  it  credible  then 

that 


NATURAL  HISTORY. 


159 


that  this  uniform  compofition  and  regular  form 
ihould  have  been  produced  by  irregular  fhocks 
and  fudden  explofions  ? 

But  as  this  opinion  has  prevailed  among 
fome  philofophers,  and  as  the  nature  and  ef- 
fects of  earthquaks  are  not  well  underftood, 
it  may  poffibly  be  pertinent  to  hazard  a few 
ideas  with  a view  of  explaining  thofe  intricate 
fubje&s. 

The  earth  has  undergone  great  changes  on 
its  furface  ; we  find  at  confiderable  depths* 
holes,  caverns,  fubterraneous  rivulets,  and 
void  places,  which  fometimes  communicate  by 
chinks,  &c.  There  are  two  kinds  of  caverns  ; 
the  firft  are  thofe  produced  by  the  adion  of 
fubterraneous  fires  and  volcanos  ; the  adion 
of  this  fire  uplifts,  burns,  and  throws  out  to  a 
diftance  the  matters  that  are  above,  and  at  the 
fame  time  divides  and  deranges  thofe  which  are 
on  the  fides,  and  thus  produces  caverns,  grottos, 
and  irregular  holes,  but  which  however  is 
only  effieded  in  the  environs  of  volcanos  ; and 
thefe  kind  of  caverns  are  more  rare  than  thofe 
produced  by  water.  We  have  already  obferv- 
ed  that  the  different  ftrata  which  compofe  the 
terreftrial  globe  are  all  interrupted  by  per- 
pendicular fiffures  : the  waters  which  fall  on 

the 
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the  furface  defcend  through  them  ; collect  when% 
flopped  by  clay,  and  form  fprings  and  rivulets  ; 
by  their  natural  propenfities  they  feek  out  ca- 
vities or  fmall  vacancies,  and  always  incline 
to  open  a paflage  till  they  find  a vent,  carrying 
along  with  them  fand,  gravel,  and  other  mat- 
ters they  can  divide  and  diffolve  ; by  degrees, 
in  the  internal  part  of  the  earth  they  form  fmall 
trenches  ; and  at  lafl  iflue  forth  in  the  form  of 
fprings,  either  at  the  furface  of  the  earth,  or 
bottom  of  the  fea,  the  matters  which  they  carry 
along  with  them,  leave  caverns  whofe  extent 
may  be  very  confiderable,  the  origin  of  which 
is  quite  different  from  thofe  produced  by  vol- 
canos or  earthquakes. 

There  are  two  kinds  of  earthquakes,  the  one 
caufed  by  the  a£tion  of  fubterraneous  fires,  and 
theexplofion  of  volcanos,  which  are  only  felt  at 
fmall  diflances  at  the  time  of  eruptions  ; when 
the  matters  which  form  fubterraneous  fires 
ferment,  heat,  and  inflame,  the  fire  makes  an 
effort  on  every  fide  to  get  out,  and  if  it  does 
not  find  a natural  vent,  it  raifes  the  earth  above 
and  forces  itfelf  a paflage  by  throwing  it  out  ; 
fuch  is  the  beginning  of  a volcano  whofe  effeéts 
and  continuation  are  in  proportion  to  the  quan- 
tity of  inflammable  matters  they  contain.  If 

the 
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the  quantity  of  matters  is  not  con  fide  r able,  an 
earthquake  may  enfue,  without  a volcano  being 
formed.  The  air  rarefied  by  the  fubterraneous 
fire  may  alfo  efcape  through  fmall  vents,  and  in 
this  cafe  there  will  be  only  a fhock  without  any 
eruption  or  volcano.  But  when  the  inflamed 
matter  is  in  great  quantities,  and  confined  by 
folid  and  comprefled  bodies,  then  a commotion 
and  volcano  is  certain  to  enfue  ; but  all  thefe 
commotions  form  only  the  firft  kind  of  earth- 
quakes, and  can  only  fiiake  a fmall  fpace  of 
ground.  A violent  eruption  of  Ætna  will 
caufe,  for  example,  an  earthquate  throughout 
the  whole  ifland  of  Sicily  ; but  it  will  never 
extend  to  the  diftance  of  three  or  four  hundred 
leagues.  When  any  new  mouth  burfls  out 
in  Vefuvius,  there  are  earthquakes  at  Naples, 
and  in  the  neighbourhood  of  the  volcano  ; but 
thefe  earthquakes  never  (hake  the  Alps,  nor 
extend  into  France,  or  other  countries  remote 
from  Vefuvius.  Therefore  earthquakes  pro- 
duced by  volcanos  are  limited  to  a fmall  fpace, 
are  properly  but  the  effects  of  the  re-a£tion  of 
the  fire  ; and  they  (hake  the  earth,  as  the  ex- 
plofion  of  a powder  magazine  produces  a (hock 
perceptible  at  many  leagues  diftance. 

VOL.  II.  Y 
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But  there  is  another  kind  of  earthquake  very 
different  in  its  effe&s,  and  perhaps  equally  fo 
in  its  caufe  ; thefe  are  felt  at  great  distances, 
and  fhake  a long  eourfe  of  ground,  without 
any  new  volcano  or  eruption  in  the  old  ones 
appearing.  We  have  inftances  of  earthquakes 
being  felt  at  the  fame  time  in  England,  France, 
Germany,  and  even  in  Hungary  ; thefe  earth- 
quakes always  extend  more  in  length  than 
breadth  ; they  fhake  a zone  of  ground  with 
greater  or  lefs  violence  in  different  places,  and 
are  almoft  always  accompanied  with  a rum- 
bling noife  like  that  of  a coach  rolling  over  the 
ftones  with  rapidity. 

With  refpeft  to  the  caufes  of  this  kind  of 
earthquake,  it  muft  be  remembered  that  the 
explofion  of  all  inflammable  matters,  produces 
like  gunpowder  a great  quantity  of  air  : that 
this  air  by  the  heat  is  in  a ftate  of  very  great 
rarefaction,  and  that  by  its  ftate  of  compreflion 
in  the  bowels  of  the  earth,  it  muft  produce  very 
violent  effeCts.  Let  us  fuppofe,  that  at  a depth 
of  one  or  two  hundred  fathoms,  pyrites  and 
other  fulphurous  matters  are  collected  in  great 
quantities,  and  that  by  the  fermentation  pro- 
duced by  the  filtration  of  the  water,  or  other 
caufcs,  they  inflame  ; what  muft  happen  ? Firft, 

thefe 
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thefe  matters  are  not  placed  in  horizontal  layers 
as  are  the  ancient  ftrata,  which  have  been 
formed  by  the  fediment  of  the  waters  ; on  the 
contrary,  they  are  formed  in  perpendicular  fif- 
fures,  in  caverns  and  other  places  where  the 
water  can  penetrate.  Inflaming,  they  produce 
a quantity  of  air,  the  fpring  of  which  being 
comprefled  in  a fmall  fpace,  like  that  of  a ca- 
vern, will  not  only  (hake  the  ground  dire£tly 
above,  but  will  feek  out  for  paflages  by  which 
it  may  efcape.  The  roads  which  offer  them- 
felves  are  caverns  and  trenches,  formed  by  fub- 
terraneous  rivulets  : into  thefe  the  rarefied  air 
will  precipitate  with  violence,  form  in  them  a 
ftrong  wind,  the  noife  of  which  will  be  heard 
at  the  furface,  accompanied  with  {hocks  of  the 
earth, &c.  this  fubterraneous  wind  produced  by 
the  fire  will  extend  as  far  as  the  fubterraneous 
cavities,  and  caufe  an  agitation  more  or  lefs 
violent  as  it  is  diftant  from  the  vent  and  finds 
the  paflages  of  a larger  or  lefler  extent  : this 
motion  being  made  longitudinal,  thefhock  will 
be  the  fame,  and  the  earthquake  be  felt  through 
a long  zone  of  ground.  The  air  will  not  pro- 
duce any  eruption  nor  volcano,  becaufe  it  will 
find  fufficient  fpace  to  expand,  or  rather  becaufe 
it  will  have  found  vents  and  iffue  forth  in  form 
Y 2 of 
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of  wind  and  vapour.  Even  fhould  it  not  be 
allowed  that  there  exift  internal  paflages  by 
which  the  air  and  vapours  can  pafs,  it  may  be 
conceived  that  in  the  place  where  the  firft  ex- 
plofion  is  made,  the  ground  being  lifted  up  to 
a confiderable  height,  that  the  moft  adjoining 
to  this  fpot  muft  divide  and  fplit  in  an  horizon- 
tal manner  by  the  force  of  its  motion  ; and  by 
this  means  paffages  communicating  one  with 
the  other  may  be  opened  to  great  diftances  ; and 
this  explanation  agrees  with  every  phenomena. 
It  is  not  at  the  fame  moment  nor  hour  that  an 
earthquake  is  felt  in  two  diftant  places.  Neither 
fire  nor  eruptions  attend  thofe  earthquakes 
which  are  heard  at  a diftance,  and  the  noife 
always  marks  the  progreflive  motion  of  this 
fubterraneous  wind.  This  theory  is  confirmed 
by  two  other  fadls  ; it  is  well  known  that  mines 
exhale  unhealthy  air  and  fuffocating  vapours, 
independent  of  the  wind  produced  by  the  cur- 
rent of  water  ; it  is  alfo  known  that  there  are 
holes,  abyffes  and  deep  lakes  in  the  earth  which 
produce  winds,  as  the  lake  Boleflaw  in  Bohe- 
mia, w^hich  we  have  already  fpoken  of. 

All  this  being  confidered,  I do  not  fee  how  it 
can  be  imaginedthat  earthquakes  produce  moun- 
tains, fince  the  caufe  itfelf  of  thefe  earthquakes 
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are  mineral  and  fulphurous  matters  which  are 
generally  found  only  in  perpendicular  clefts  of 
mountains  and  other  cavities  of  the  earth,  the 
greateft  number  of  which  have  been  produced 
by  the  operations  of  water  ; fince  this  matter  by 
inflaming  produces  only  a momentary  explo- 
fion  and  a violent  wind  which  follows  the  fub- 
terraneous  roads  of  the  water  ; fince  the  dura- 
tion of  the  earthquake  at  the  furface  of  the 
earth  is  fo  (hort,  that  their  caufe  can  only  be 
explofion  and  not  a durable  fire  ; and  in  fhort, 
fince  thefe  earthquakes,  which  extend  to  a con- 
fiderable  diftance,  very  far  from  raifing  chains 
of  mountains,  do  not  produce  the  fmalleft  hills 
throughout  their  whole  extent. 

Earthquakes  are  in  fa£l  more  frequent  in 
places  near  volcanos,  as  in  Sicily  and  Naples  ; 
but  it  is  known,  by  obfervations,  that  the  moll 
violent  earthquakes  happen  in  the  time  of  the 
greateft  eruptions  of  volcanos  ; that  they  are 
very  limited,  and  cannot  produce  a chain  of 
mountains. 

It  has  been  fometimes  obferved  that  the 
matters  thrown  out  of  Mount  Ætna,  after  lay- 
ing for  many  years  and  afterwards  moiftened 
with  the  rain,  have  rekindled  and  thrown  out 
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flames  with  fuch  violent  explofions  as  even  to 
produce  a flight  fhock. 

In  a furious  eruption  of  Ætna  in  1669, 
which  began  the  nth  of  March,  the  fummit 
of  the  mountain  funk  confiderably  * ; which 
proves  the  fire  of  this  volcano  comes  rather  from 
the  top  than  from  the  bottom  of  the  mountain. 
Borelli  is  of  the  fame  opinion,  and  fays,  “ That 
the  fire  of  volcanos  does  not  proceed  from  the 
centre,  nor  from  the  foot  of  the  mountain,  but 
that  it  iflues  from  the  fummit,  and  flames 
kindle  but  at  a fmall  depth  t. 

Mount  Vefuvius  in  its  eruptions  has  thrown 
out  great  quantities  of  boiling  water.  Mr.  Ray, 
who  thinks  that  the  volcanean  fire  proceeds 
from  a great  depth,  fays,  that  it  is  the  water  of 
the  fea  which  communicates  by  fubterraneous 
paflages  with  the  foot  of  the  mountain  ; he  gives 
as  a proof  of  it  the  drynefs  of  the  fummit  of 
Vefuvius,  and  the  agitation  of  the  fea  at  the  time 
of  thefe  eruptions,  which  fometimes  retreats 
from  the  coafts,  and  leaves  the  bay  of  Naples 
almoft  dry.  But  if  thefe  faéis  are  true,  they  do 
not  prove  in  a folid  manner  that  the  volcanean 
fire  proceeds  from  a great  depth  ; for  the  water 

which 

* See  Phi).  Tranf.  Abridged,  vol.  II.  p,  387. 

^ Borelli,  de  mcendiis  montis  Etnae» 
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which  is  thrown  out  is  certainly  rain  water, 
which  penetrates  through  the  fiflures,  and  col- 
lects in  the  cavities  of  the  mountains.  Rills  and 
rivulets  flow  from  thofe  containing  volcanos  as 
well  as  other  lofty  mountains,  and  as  they  are 
hollow,  and  have  been  more  fhaken,  it  is  not 
aftonifhing  that  the  water  colleCts  in  their  ca- 
verns in  their  internal  part,  and  that  thefe 
waters  are  thrown  out  in  the  time  of  eruptions 
with  other  matters.  With  refpeéltothe  motion 
of  the  fea,  it  proceeds  folely  from  the  fhock 
communicated  to  the  waters  by  the  explofion, 
which  caufes  them  to  advance  or  retreat  ac- 
cording to  different  circumftances. 

The  matters  which  volcanos  generally  throw 
out,  come  forth  in  the  form  of  a torrent  of 
melted  minerals,  which  inundates  all  the  en- 
virons of  thofe  mountains  ; thefe  rivers  of  li- 
quified matters  extend  to  confiderable  diftances, 
and  in  cooling  form  horizontal  or  inclined 
ftrata,  which  for  pofition  are  like  the  ftrata 
formed  by  the  fediment  left  by  the  waters  : but 
it  is  very  eafy  to  diftinguifh  the  one  from  the 
other.  Firft,  becaufe  ftrata  of  lava  are  not 
throughout  of  an  equal  thicknefs  : fecondly, 
becaufe  they  contain  only  matters  which  have 
evidently  been  calcined,  vitrified,  or  melted  ; 
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and  thirdly,  becaufe  they  do  not  extend  to  any 
great  diftance.  As  there  are  a great  number 
of  volcanos  at  Peru,  and  as  the  foot  of  moft  of 
the  mountains  of  the  Cordeliers,  is  covered 
with  matters  thrown  out  by  eruptions,  it  is  not 
aftonifhing  that  marine  (hells  are  not  met  with 
there,  as  they  muft  have  been  calcined  and 
deftroyed  by  the  fire  ; but  I am  perfuaded,  if 
we  dig  in  argilaceous  earth,  which,  according 
to  M.  Bourguet,  is  the  common  earth  of  the 
valley  of  Quito,  (hells  would  be  found  there, 
as  they  are  in  other  places,  at  lead  where  the 
ground  is  not  covered  like  that  at  the  foot  of 
the  mountains,  with  matters  thrown  out  of  a 
volcano. 

It  has  often  been  afked,  why  volcanos  are 
all  met  with  at  the  top  of  mountains  ? I think 
I have  partly  given  a fatisfaâory  anfwer  to 
this  queftion  in  the  preceding  article,  but  I 
have  thought  it  neceflary  not  to  finilh  this 
without  farther  explaining  what  I have  faid  on 
this  fubjecl. 

The  peaks  or  points  of  mountains  were  for- 
merly covered  with  fand  and  earth,  which  the 
rain  gradually  wafhes  along  with  it  into  the 
vallies,  and  has  left  only  the  rocks  and  (lone, 
which  forms  the  nucleus  of  the  mountain. 
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This  being  left  bare  will  have  been  dill  worn 
by  the  injuries  of  the  air,  the  froft  will  have 
loofened  the  large  and  fmall  parts  which  of 
courfe  have  rolled  to  the  bottom.  The  rocks, 
at  the  bafe  of  the  fummit,  being  left  bare,  and 
no  longer  fupported  by  the  earth  which  fur- 
rounded  them,  will  have  given  way  a little,  and 
by  dividing  one  from  the  other  formed  fmall 
intervals.  This  reparation  of  the  lower  rocks 
could  not  be  made  without  communicating  a 
greater  motion  to  the  upper.  By  this  means 
the  nucleus  of  the  mountain  would  be  divided 
into  an  infinity  of  perpendicular  clefts,  from 
the  fummit  to  the  bafe  of  the  lower  rocks  ; 
the  rain  will  have  penetrated  into  all  thefe 
clefts  and  loofened,  in  the  infide  of  the  moun- 
tain, all  the  mineral  parts  and  other  matters 
that  it  could  carry  away  or  diffolve  ; they  will 
have  formed  pyrites  and  other  combuftible 
matters,  and  when  by  length  of  time  thefe 
matters  were  accumulated  in  great  quantities, 
they  fermented,  and  by  inflaming  produced 
explofions  and  other  effects  of  volcanos  ; per- 
haps likewife,  within  the  mountains,  there 
were  mafles  of  thefe  mineral  matters  already 
formed  before  the  rain  could  penetrate  therein; 
in  that  cafe,  as  foon  as  holes  and  clefts  were 
yol.  ir.  Z made, 
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made,  which  gave  partages  to  the  water  and* 
air,  thefe  matters  inflamed  and  formed  a vol- 
cano. None  of  thefe  motions  could  be  made  in 
plains,  fince  all  is  at  reft  and  nothing  can  be 
difplaced.  It  is  not  therefore  furprifing  that 
volcanos  are  found  only  in  high  mountains. 

When  coal-mines  are  opened,  which  are 
generally  met  with  in  argile  earth,  at  a great 
depth,  it  fometimes  happens  that  the  mineral 
fubftances  have  taken  fire  : there  are  even 
mines  of  coal  in  Scotland,  Flanders,  &c.  which 
have  burnt  for  a number  of  years.  The  ad- 
mirtion  of  the  air  fuffices  to  produce  this  effect  ; 
but  thefe  fires  produce  only  flight  explofions, 
and  do  not  form  volcanos,  becaufe  all  being 
folid  and  full  in  thefe  places,  fire  cannot  be 
excited  like  that  of  volcanos,  in  which  there 
are  cavities  and  void  places  where  the  air  pe- 
netrates, which  muft  neceflarily  extend  the 
conflagration  and  augment  the  aflion  of  the 
fire,  fo  as  to  produce  the  terrible  effefts  we  have 
juft  defcribed. 
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ARTICLE  XVII 


OF  NEW  ISLANDS,  CAVERNS,  PERPENDICULAR 
CLEFTS,  &C.  &C. 


EW  iflands  are  formed  either  fuddenly 


by  the  adtion  of  fubterraneous  fires,  or 
gently  by  the  depofit  of  the  fediment  of  waters. 
Ancient  hiftorians  and  modern  travellers  relate 
fadts  on  this  fubjedt  which  put  it  beyond  all 
kind  of  doubt.  Seneca  allures  us,  that  in  his 
time  the  ifland  Therafia  appeared  fuddenly  in 
the  fea,  to  the  aftonifhment  of  many  mariners 
who  beheld  it.  Pliny  relates,  that  formerly 
thirteen  iflands  in  the  Mediterranean  fprung  at 
the  fame  inftant  out  of  the  fea,  and  that  Rhodes 
and  Delos  are  the  principal  of  them  : it  ap- 
pear, from  him,  as  well  as  Ammianus  Mar- 
cellinus,  Philo,  and  others,  that  thefe  thirteen 
iflands  were  not  produced  by  an  earthquake, 
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nor  by  any  fubterraneous  explofion,  but  that 
they  were  formerly  hid  under  the  water,  which 
lowering  left  them  uncovered.  Delos  had  the 
name  of  Pelagia  given  to  it,  from  having  for- 
merly belonged  to  the  fea.  Whether  the  origin 
of  thefe  thirteen  iflands  is  to  be  attributed  to 
the  adlion  of  fubterraneous  fires,  or  to  fome 
other  caufe  which  might  occafion  a finking  of 
the  water  in  the  Mediterranean,  is  uncertain. 
But  Pliny  relates,  that  the  ifland  Hiera,  near 
Therafia,  had  been  formed  of  ferruginous 
mafles,  and  earth  thrown  from  the  bottom  of 
the  fea  ; and  in  chapter  89,  he  fpeaks  of  other 
iflands  formed  in  the  like  manner  ; but  on  this 
fubjedt  we  have  more  clear  and  certain  fadts 
of  later  date. 

On  the  23d  of  May  1707,  at  the  fun’s 
rifing,  there  was  feen,  at  fome  little  diflance 
from  the  ifland  of  Therafia,  or  Santorini, 
fomething  like  a floating  rock  in  the  fea  ; fome 
perfons,  to  fatisfy  their  curiofity,  went  towards 
it,  and  found  it  a fhoal  which  had  iflued  from 
the  bottom  of  the  fea  : it  increafed  under  their 
feet,  and  they  brought  with  them  the  pumice- 
ftone  and  oyfters  which  the  rock  ftill  had  at- 
tached to  its  furface.  There  was  a flight 
earthquake  at  Santorini  two  days  before  this 
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fhoal  appeared  : it  increafed  confiderably  till 
the  14th  of  June,  it  was  then  half  a mile 
round,  and  from  20  to  30  feet  high  ; the  earth 
was  white,  and  a little  argilaceous  ; after  that 
the  fea  became  more  and  more  troubled  ; va- 
pours arofe  which  infedted  the  ifland  Santorini  ; 
and  on  the  16th  of  July  feveral  rocks  were 
feen  to  ifiue  at  one  time  from  the  bottom  of 
the  fea,  and  unite  into  one  folid  body.  This 
was  accompanied  with  a difmal  noife,  which 
continued  upwards  of  two  months.  Flames 
iflued  from  the  new  ifland,  which  kept  increaf- 
ing  in  circumference  and  height,  and  the  vio- 
lent explofions  frequently  threw  large  (tones 
to  more  than  feven  miles  diftance.  The  ifland 
Santorini  itfelf  was  deemed  among  the  ancients 
as  a modern  production,  and  in  1726,  1427, 
and  15735  it  increafed  in  fize,  and  fmall  ifla.nds 
were  formed  near  it  #.  The  fame  volcano, 
which  in  the  time  of  Seneca  formed  the  ifland 
of  Santorini,  in  that  of  Pliny  produced  Hiera  or 
Volcanella,  and  in  our  time  the  fhoal  above- 
mentioned. 

On  the  10th  of  October,  1720,  near  the 
ifland  Tercera,  a very  confiderable  fire  arofe 
out  of  the  fea  ; home  mariners  were  fent  by 

the 
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the  order  of  the  governor  to  take  a view  of  it, 
and  who  having  come  near  it,  perceived,  on 
the  19th  of  the  fame  month,  an  ifland  which 
appeared  only  as  fire  and  fmoke,  with  a pro- 
digious quantity  of  afhes  thrown  to  a diftance, 
as  if  caufed  by  the  force  of  a volcano,  with  a 
report  like  that  of  thunder.  An  earthquake 
happened  at  the  fame  time,  which  was  felt  in 
the  circumjacent  places,  and  great  quantities  of 
pumice-ftones  were  obferved  floating  on  the 
fea  around  the  new  ifland  ; pumice-ftones  in- 
deed have  fometimes  been  feen  fwimming  in 
the  midft  of  the  high  feas  t. 

The  hiftorian  of  the  academy,  anno  1721, 
fays  on  this  event,  that  after  an  earthquake  in 
the  ifland  of  St.  Michael,  one  of  the  Azores, 
there  appeared  between  this  ifland  and  Tercera 
a torrent  of  fire,  which  gave  birth  to  two  new 
fhoals  ; and  the  next  year  he  gave  the  follow- 
ing detail  : 

“ M.  de  rifle  has  informed  the  Academy 
of  many  particulars  concerning  the  new  ifland 
among  the  Azores,  which  he  received  in  a 
letter  from  M.  de  Montagnac,  conful  at 
Lifbon. 

“ Being 

* See  Phil.  Tranf.  Abridg.  vol.  VI.  part  ii.  page  254, 


NATURAL  HISTORY. 


•175 


4(  Being  in  a veflel,  which  was  moored  the 
1 8th  of  September,  1721,  before  the  fortrefs 
of  the  town  of  St.  Michael,  M.  de  Montagnac 
learnt  the  following  account  from  the  pilot  : 

“ On  the  7th  of  December,  1720,  at  night, 
there  was  a great  earthquake  in  Tercera  and 
St.  Michael,  which  are  about  18  leagues  apart, 
and  between  which  a new  ifland  fprung  up  : it 
was  remarked  at  the  fame  time  that  the  point 
of  the  ifland  of  Peak,  30  leagues  diftant,  and 
which  before  threw  out  fire,  was  funk  and 
emitted  none  ; but  the  new  ifland  kept  throw- 
ing out  a confiant  thick  fmoke,  and  which  I 
plainly  perceived  from  the  veflel  I was  in. 
The  pilot  aflured  us  that  he  had  gone  round 
the  ifland,  rowing  as  near  it  as  he  conceived  to 
befafe.  On  the  fouth  fide  he  threw  a line  of 
fixty  fathoms  without  finding  any  bottom  ; on 
the  weft  fide  the  water  was  greatly  changed, 
appearing  white,  blue  and  green,  and  which 
extended  two  thirds  of  a league,  where  it 
feemed  ready  to  boil.  On  the  north- weft,  the 
part  from  which  the  fmoke  iflued,  he  found, 
at  15  fathoms,  a bottom  of  thick  fand  ; he 
threw  a ftone  in  the  fea,  and  where  it  fell  the 
water  feemed  to  boil  and  bubble  with  impe- 
tuofity  : the  bottom  was  fo  hot  that  it  twice 
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melted  fome  greafe  fattened  at  the  end  of  the 
founding  line.  The  pilot  obferved  alfo  on 
that  fide  that  fmoke  iflued  from  a fmall  lake 
bounded  by  a fand  bank.  This  ifland  is  al- 
moft  round  and  high  enough  to  be  perceived 
at  the  diftance  of  feven  or  eight  leagues  in 
clear  weather. 

“ It  has  fince  been  learnt  from  a letter  of 
M.  Adrian,  French  conlul  in  the  ifland  of  St. 
Michael,  dated  March,  1722,  that  the  new 
ifland  had  confiderably  diminiflied,  that  it  was 
almoft  level  with  the  water,  and  there  was 
every  appearance  it  would  not  laft  long.” 

It  is  therefore  by  thefe,  and  a great  number 
of  other  fa£ts  of  a fimilar  nature,  very  evident 
that  inflammable  matters  are  enelofed  in  the 
earth  under  the  bottom  of  the  fea,  and  that  they 
fometimes  caufe  violent  explofions.  The  places 
where  this  happens  might  be  termed  marine 
volcanos,  and  which  differ  from  common  vol- 
canos only  by  the  fhortnefs  of  the  duration  of 
their  effeéts  ; for  the  fire  having  opened  itfelf 
a pafiage  the  water  mutt  penetrate  therein  and 
extinguifli  it.  The  elevation  of  new  iflands 
mutt  confequently  leave  a void  fpace  which  the 
water  would  fliortly  occupy,  and  this  new  earth, 
which  is  only  compofed  of  matters  thrown  out 

by 
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by  the  marine  volcano,  müft  refemble  that  of 
Monti  di  Cinere  and  other  eminences  which 
terreftrial  volcanos  have  formed.  Now  as  the 
water  ruthes  in,  during  the  violence  of  the 
explofion,  and  fills  the  vacancies  that  it  occa* 
fions,  that  is  clearly  the  reafon  why  thefe 
marine  volcanos  ad:  lefs  frequent  than  other 
volcanos,  although  the  caufes  of  both  are  the 
fame. 

Thefe  fubterraneous,  or  fub-marine  fires 
are  doubtlefs  the  caufe  of  all  thofe  ebullitions 
of  the  fea,  which  failors  have  remarked  in 
various  places,  and  as  well  as  of  the  water- 
fpouts  we  have  before  mentioned  ; they  like- 
wife  produce  ftorms  and  earthquakes,  which 
are  not  lefs  felt  on  the  fea  than  on  the  land. 
I flands  formed  by  thefe  fub-marine  volcanos, 
are  generally  compofed  of  pumice  - ftone, 
and  calcined  rocks,  and  produce,  like  thofe 
of  the  land,  violent  earthquakes  and  com- 
motions. 

Fires  have  been  often  obferved  on  the  fur- 
face  of  the  water.  Pliny  tells  us  that  the  lake 
Thrafimenia  appeared  inflamed  over  all  its  fur- 
face.  Agricola  relates  that  when  a ftone  was 
thrown  into  the  lake  Denftat,  in  Thuringia, 
VOL,  ii#  A a it 
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it  appeared,  as  it  defcended  in  the  water,  like  a 
train  of  fire. 

In  fhort,  the  quantities  of  pumice-ftones 
which  travellers  affirm  are  met  with  in  many 
parts  of  the  ocean,  and  the  Mediterranean, 
prove  there  are  volcanos  at  the  bottom  of  the 
fea,  fimilar  to  thofe  we  are  acquainted  with, 
and  which  differ  not  in  the  leaf!  from  them, 
neither  by  the  matters  they  caft  out,  nor  by  the 
violence  of  the  explofion,  but  folely  by  the 
rarity  and  fhortnefs  of  the  duration  of  their 
effeXs.  From  hence  we  may  fairly  infer  that 
the  bottom  of  the  fea  in  every  refpeX  refembles 
the  furface  of  the  earth. 

We  fhall  find  many  connexions  between 
land  and  fea  volcanos  ; both  are  found  at  the 
fummit  of  mountains.  The  iflands  of  Azores 
and  thofe  of  the  Archipelago  are  only  peaks 
of  mountains,  fome  of  which  rife  above  the 
water,  and  others  are  underneath.  By  the 
account  of  the  new  iflands  among  the  Azores 
we  fee  that  the  part  from  whence  the  fmoke 
iffued  was  only  1 5 fathoms  under  water,  which 
compared  with  the  common  depth  of  the  ocean, 
proves  that  even  this  part  is  the  fummit  of  a 
mountain  ; as  much  may  be  faid  of  the 

new 
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new  ifland  near  Santorini,  which  could  not  be 
any  great  depth,  fince  oyfters  were  found  at- 
tached to  the  rocks  which  rofe  above  the 
water  It  appears  alfo  that  marine-volcanos 
have,  like  thofe  of  the  land,  fubterraneous 
communications,  fince  the  fummit  of  the  vol- 
cano of  St.  George,  in  the  ifland  Peak,  funk  at 
the  time  the  new  ifland  among  the  Azores  arofe. 
It  muft  alfo  be  obferved,  thatthefe  new  iflands 
never  appear  but  near  the  old  ones,  and  that 
we  have  no  example  of  new  iflands  in  the  high 
feas  ; we  muft  therefore  look  on  them  as  a 
continuation  of  the  adjacent  iflands;  and  when 
ancient  iflands  have  volcanos,  it  is  notaftonifh- 
ing  that  the  ground  adjacent  ftiould  contain 
matters  proper  to  form  them,  and  which  in- 
flame, either  by  fermentation  alone,  or  by  the 
a£lion  of  fubterraneous  winds. 

Iflands  produced  by  the  acftion  of  fire  and 
earthquakes  are  but  few,  but  there  are  an  in- 
finite number  produced  by  the  mud,  fand,  and 
earth,  which  the  rivers  or  the  fea  tranfport 
into  different  places.  At  the  mouth  of  rivers 
earth  and  fand  accumulate  in  fuch  quantities 
as  to  form  iflands  of  a moderate  extent.  The 
fea,  retiring  from  certain  coafts,  leaves  the 
higheft  parts  of  the  bottom  naked,  which 
A a 2 forms 
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forms  fo  many  new  iflands  : fo  likewife  the  fea, 
by  extending  itfelf  on  certain  fhores,  covers 
the  lowed:  parts,  and  leaves  the  higheft,  which 
appear  as  fo  many  iflands  ; and  thus  it  is  we 
may  account  for  their  being  fo  few  iflands  in 
the  open  fea,  and  fo  many  bordering  on  the 
continents. 

Water  and  fire,  whofe  natures  appear  fo 
different  and  fo  contrary,  produce  many  fimilar 
effects,  independent  of  the  particular  produc-* 
lions  of  thefe  two  elements,  fome  of  which 
bear  foftriking  a refemblance  as  to  be  miftaken 
for  each  other,  as  glafs  and  cryftal,  natural  and 
fictitious  antimony,  &c.  There  are  in  nature 
an  infinity  of  great  effefls  produced  by  them, 
which  are  fcarcely  to  be  diftinguifhed.  Water, 
as  has  been  obferved,  has  produced  mountains 
and  formed  mod:  iflands,  while  others  owe  their 
origin  to  fire.  There  are  likewife  caverns, 
clefts,  holes,  gulphs,  &c.  fome  of  which  owe 
their  origin  to  fubterraneous  fires,  and  others 
to  waters. 

Caverns  are  met  with  in  mountains,  and  few 
or  none  in  plains  : there  are  many  in  the  Archie 
pelago,  and  in  other  iflands,  becaufe  they  are 
in  general  only  the  tops  of  mountains  : caverns 
are  formed  like  precipices,  by  the  finking  of 

rocks 
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rocks,  or  large  abyfles,  by  the  a£Hon  of  the  fire  ; 
for  to  make  a cavern  form  a precipice  or  abyfs, 
we  need  only  fuppofe  the  tops  of  adjacent 
rocks  had  fallen  together  and  formed  an  arch, 
which  muft  often  happen  when  their  bottoms 
are  fhaken  and  diflodged  by  time  or  earth- 
quakes. Caverns  may  be  produced  by  the  fame 
caufes  which  produce  holes,  the  fhaking  and 
finking  of  the  earth,  and  which  caufes  are  the 
explofion  of  volcanos,  the  aélion  of  fi'bterra- 
neous  vapours  and  earthquakes  ; for  they  oc- 
cafion  caverns,  holes,  and  hollows  of  every 
kind  by  their  fhocks  and  commotion 

St.  Patrick’s  cavern  in  Ireland  is  not  fo  con- 
fiderable  as  it  is  famous  ; it  is  the  fame  with 
the  Dog’s  Grotto  in  Italy  ; and  that  which 
throws  out  fire,  in  the  mountain  of  Benigua- 
xeval  in  the  kingdom  of  Fez.  In  the  county 
of  Derby,  in  England,  there  is  a very  confider- 
able  cavern,  much  larger  than  the  famous  ca- 
vern of  Beauman,  near  the  Black  Foreft,  in 
Brunfwick.  I have  been  informed  by  a perfon 
as  refpeftable  for  his  merit  as  his  name,  Lord 
Morton,  that  this  large  cavern,  called  the 
Devil’s  Hole,  at  firft  prefents  a very  confider- 
able  opening,  larger  than  any  church  door  ; 
that  through  this  opening  a rivulet  flows  ; 

that 
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that  in  advancing  the  vault  of  the  cavern  be- 
comes fo  low,  that  perfons  who  are  defirous  of 
continuing  their  road  are  obliged  to  lie  flat  in 
a boat,  and  be  pufhed  through  this  narrow  paf- 
fage,  where  the  water  almoft  touches  the  roof  ; 
but  after  having  pafled  this  part  of  the  vault, 
the  arch  rifes  to  a confiderable  height,  and  con- 
tinues fo  for  fome  diftance,  when  it  links  again 
fo  low  as  to  touch  the  water,  and  where  the 
cavern  ends.  The  fource  of  the  rivulet  which 
iflues  from  it  fometimes  encreafes  conliderably  : 
it  tranfports  and  heaps  up  a gretit  quantity  of 
fand  in  one  part  of  the  cavern,  which  is  formed 
like  a kind  of  alley,  whofe  diredtion  is  different 
from  that  of  the  principal  cavern. 

In  Carniola,near  Potpechio,  is  a very  fpacious 
cavern,  in  which  is  a large  lake.  Near  Adel- 
fperg  is  a cavern,  in  which  we  may  travel  two 
German  miles,  and  where  very  deep  precipices 
are  to  be  met  with  #.  There  are  alfo  large 
caverns  and  beautiful  grottos  under  the  moun- 
tainsof  Mendip,  in  Wales  ; mines  of  lead  are 
found  near  thefe  caverns,  and  whole  oaks  at 
fifteen  fathoms  depth.  In  the  county  of  Glou- 
cefter  there  is  a very  large  cavern,  called  Pen 
Park-hole,  at  the  bottom  of  which  there  is 

thirty 
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thirty  fathoms  water,  and  mines  of  lead  are 
alfo  found. 

The  Devil’s  Hole,  and  other  caverns,  from 
whence  ifTue  large  fprings  or  rivulets,  have 
plainly  therefore  been  formed  by  the  water, 
and  their  origin  cannot  be  confidered  as  the  ef- 
fets either  of  earthquakes  or  volcanos. 

One  of  the  mod  remarkable  and  largeft  ca- 
verns known  is  that  of  Antiparos,  adefcription 
of  which  is  given  by  M.  de  Tournefort.  We 
enter  a ruftic  cavern  about  thirty  feet  broad, 
divided  by  fome  natural  pillars;  between  two  of 
which,  on  the  right,  the  ground  is  on  a gentle 
Hope,  and  then  becomes  more  fteep  to  the  bot- 
tom, about  twenty  feet  ; this  is  the  paflage  to 
the  grotto,  or  internal  cavern,  which  is  very 
dark,  and  cannot  be  entered  without  {looping 
and  the  affiftance  of  torches.  We  then  defcend 
an  horrible  precipice  by  the  affiftance  of  a rope, 
faftened  at  the  entrance,  into  another  (till  more 
frightful,  the  borders  of  which  are  very  flip- 
per y,  with  dark  abyftes  on  the  left.  By  the 
affiftance  of  a ladder  we  pafs  a perpendicular 
rock,  and  then  continue  to  go  through  places 
fomewhat  lefs  dangerous  : but  when  we  think 
ourfelves  in  a fafe  path,  we  are  flopped  fhort 
by  a tremendous  obftruftion,  and  are  obliged 
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to  crawl  on  our  hands  and  knees,  or  Aide  on  our 
back,  the  length  of  a large  rock,  and  then  de- 
fcend  by  a ladder.  When  we  are  at  the  bottom 
of  the  ladder,  we  ftill  have  to  ftumble  over 
pieces  of  rocks  for  fome  time,  and  then  we  reach 
the  celebrated  grotto.  It  is  computed  to  be 
three  hundred  fathoms  deep  from  the  furface 
of  the  earth,  appears  to  be  forty  fathoms  high 
by  fifty  broad.  It  is  filled  with  large  beautiful 
ftala&ites  of  various  forms,  as  well  from  the 
roof  of  the  vault  as  on  the  bottom  *. 

In  part  of  Greece  called  Livadia  (the  Achaia 
of  the  ancients)  there  is  a large  cavern  in  a 
mountain  which  was  formerly  famous  for  the 
oracles  of  Trophonius  ; it  is  between  the  lake 
Lividia  and  the  adjacent  fea,  at  the  neareft 
part  it  is  about  forty  miles  ; and  there  are  forty 
fubterraneous  paflages  acrofs  the  rock,  through 
which  the  waters  flow  t. 

In  all  countries  which  produce  fulphur, 
volcanos,  and  earthquakes,  there  are  caverns. 
The  ground  of  mod  of  the  Archipelago  iflands 
are  cavernous;  the  iflands  of  the  Indian  ocean, 

principally 

* See  the  Voyage  de  Levant,  page  188,  and  alfo  Remarks  in 
a Journey  from  Paris  to  Conftantinople,  which  contains  a eo» 
pious  defcription  of  this  aftonifliing  phenomenon. 

f See  Gordon’s  Geography,  1733,  page  179. 
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principally  that  of  the  Malacca’s,  appear  to  be 
fupported  by  vaults  and  cavities.  The  land 
Azores,  the  Canaries,  the  iflands  of  Cape  de 
Verd,  and  in  general  almoft  every  fmall  ifland, 
is  in  many  parts  hollow  and  cavernous  ; be- 
caufe  thefe  iflands  are,  as  we  have  obferved, 
only  points  of  mountains  where  confiderable 
ebullitions  are  made,  either  by  the  a£tion  of 
volcanos,  of  the  water,  of  frofts,  or  other  in- 
juries of  the  weather.  In  the  Cordeliers,  where 
there  are  many  volcanos,  and  where  earth- 
quakes are  frequent,  there  are  alfo  a great 
number  of  caverns 

The  famous  labyrinth  of  the  ifland  ofCandia, 
is  not  the  work  of  nature  alone,  M.de  Tourne- 
fort  aflures  us  that  it  has  evidently  been  greatly 
enlarged  by  men  ; and  moft  likely  this  cavern  is 
not  the  only  one  which  has  been  augmented  by 
human  labour.  Every  day  mines  and  quarries 
are  digging,  and  when  abandoned  for  a long 
time,  it  is  not  eafy  to  difcover  whether  they 
have  been  the  productions  of  nature,  or  formed 
by  the  hands  of  men.  We  know  of  quarries  of 
confiderable  extent  ; for  example,  that  of  Mae- 
ftricht,  where  it  is  faid  50,000  men  may  conceal 
themfelves,  and  which  is  fupported  by  upwards 
of  looo  pillars,  twenty-four  feet  high,  and  the 
vol.  11.  Bb  earth 


i86 


buffon’s 


earth  and  rock  above  is  more  than  twenty-five 
fathoms  thick  #. 

The  fait  mines  in  Poland  form  ftill  greater 
excavations  than  the  above.  There  are  gene- 
rally vaft  quarries  near  large  towns.  But  we 
cannot  proceed  farther  in  particulars  : befides, 
the  labour  of  man,  however  great,  will  ever  hold 
but  a fmall  place  in  the  hiftory  of  nature. 

Volcanos  and  waters  which  produce  caverns 
internally,  form  alfo  external  clefts,  precipices, 
and  abyffes.  At  Cajeta,  in  Italy,  there  is  a 
mountain  which  had  formerly  been  feparated 
by  an  earthquake,  in  a manner  fo  as  to  appear 
as  if  the  divifion  was  made  by  the  hands  of 
men.  We  have  already  fpoken  of  the  divi- 
fions  in  the  ifland  of  Machian,  of  the  abyfs  of 
mount  Azarat,  of  the  gap  in  the  Cordeliers,  and 
that  of  Thermopyle,  &c.  To  thefe  may  be 
added,  the  gap  in  the  mountain  of  Troglodytes, 
in  Arabia,  which  nature  only  fketched  out,  and 
which  Vi£tor  Amadeus  caufed  to  be  finiihed. 
Water,  as  well  as  fubterraneous  fires,  produce 
confiderable  finking  of  the  earth,  fall  of  rocks, 
and  overthrow  niountains,  of  which  we  can 
give  many  examples. 

i(  In  the  month  of  June  1714,  a part  of  the 

mountain 

* See  Abridg.  Phil.  Tranf.  vol.  XI.  page  463. 
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mountain  of  Diableret,in  Valois,  fell  firddenly, 
and  fome  time  after,  the  Iky  being  ferene,  it 
appeared  to  have  taken  a conical  figure.  Fifty- 
three  huts  belonging  to  the  boors  were  deftroy- 
ed,  together  with  feveral  people  and  a great 
many  cattle,  covering  a fquare  league  with  the 
ruins  it  occafioned.  A profound  darknefs  was 
caufed  by  the  dull  ; the  heaps  of  (tones  thrown 
together  were  above  thirty  perches  in  height, 
flopped  the  currents  of  the  water,  and  formed 
new  and  very  deep  lakes.  In  all  this  there  was 
not  the  leaft  trace  of  bitumen,  fulphur,  lime, 
nor  confequently  any  fubterraneous  fire,  and 
apparently  the  bafe  of  this  great  rock  was  pe- 
rifhed  and  reduced  to  duft 

We  have  a remarkable  example  of  thefe 
fmkings  near  Folkftone,  in  the  county  of  Kent  ; 
the  hills  in  its  environs  funk  gradually  by  an 
infenfible  motion,  and  without  any  earthquake, 
Thefe  hills  internally  are  rocks  and  chalk,  and 
by  their  finking  they  have  thrown  into  the  fea 
rocks  and  earth  which  were  adjacent  to  it. 
The  relation  of  this  fa£t  may  be  feen  in  the 
Abridgment  of  the  Philofophical  Tranfaflions, 
yol.  vi.  page  250. 

Bb  2 Ii) 

* Hiftoire  de  l'Academie  des  Sciences,  anno  1715*  p*  4. 
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In  1 6 1 8,  the  town  of  Pleurs,  in  Valtelino, 
was  buried  under  the  rocks,  at  the  bottom  of 
which  it  was  fituated.  In  1678,  there  was  a 
great  inundation  in  Gafcony,  caufed  by  the 
finking  of  fome  pieces  of  one  of  the  Pyrennees, 
which  forced  the  water  to  fpring  forth  that 
was  contained  in  the  fubterraneous  caverns  of 
thofe  mountains.  In  1680,  there  happened  a 
ftill  greater  in  Ireland,  by  the  finking  of  a 
mountain  into  caverns  filled  w ith  water.  We 
may  eafily  conceive  the  caufe  of  thefe  effe£ts. 
It  is  well  known  there  are  fubterraneous  waters 
in  an  infinity  of  places  ; thefe  waters  carry  off 
by  degrees  the  fand  and  earth  over  which  they 
pafs,  confequently  may  in  time  deftroy  the  bed 
of  earth  on  which  the  mountain  refis  ; and 
this  bed  of  earth  being  more  deficient  on  one 
fide  than  on  the  other,  the  mountain  of  courfe 
muft  be  overthrown  ; but  if  this  bafe  is  worn 
every  where  alike,  the  mountain  will  fink  and 
not  be  overthrown. 

Having  remarked  on  the  finkings  and  other 
changes  on  the  earth,  occafioned  by  w^hat  may 
be  called  the  accidents  of  nature,  we  ought 
not  to  pafs  over  the  perpendicular  clefts  found 
throughout  the  ftrata  of  the  earth  : thefe  clefts 

arc 
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are  perceptible  not  only  in  rocks  and  quarries 
of  marble  and  ftone,  but  alfo  in  clays  and 
earths  of  every  kind,  which  have  never  been 
removed.  I call  them  perpendicular  clefts, 
becaufe,  like  the  horizontal  ftrata,  they  are 
oblique,  by  accident  only.  Woodward  and 
Ray  fpeak  of  thefe  clefts,  but  in  a confufed 
manner;  and  they  do  not  term  them  perpendi- 
cular clefts,  becaufe  they  thought  they  might 
be  indifferently  oblique  or  perpendicular.  No 
author  has  explained  the  origin  of  them,  al- 
though it  is  apparent  that  they  have  been  pro- 
duced, as  we  obferved  in  a preceding  article, 
by  the  drynefs  of  the  matters  which  compofe 
horizontal  beds.  In  whatfoever  manner  this 
drying  happens,  it  muff  have  produced  perpen- 
dicular clefts  ; for  the  matters  which  compofe 
the  ftrata  could  not  have  diminifhed  in  fize 
without  fplitting  in  a perpendicular  direâion 
to  thefe  ftrata.  I comprehend  under  this  name 
of  perpendicular  clefts  all  natural  feparations 
of  rocks,  as  well  as  thofe  which  may  have 
been  occafioncd  by  any  convulfive  accident. 
When  fome  confiderable  motion  happens  to 
rnaffes  of  rocks,  thefe  clefts  are  fometimes 
found  obliquely  placed,  but  this  is  becaufe  the 
jnafs  is  of  itfelf  oblique,  and  with  a little  at- 
tention 
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tention  it  is  always  eafy  to  difcover  that  thefc 
clefts  are  in  general  perpendicular  to  the  hori- 
zontal ftrata,  particularly  in  quarries  of  marble, 
lime,  (tones,  and  all  large  chains  of  rocks. 

Mountains  internally  are  principally  com- 
pofed  of  (tone  and  rocks  in  parallel  beds  : be- 
tween the  horizontal  beds  fmall  ftrata  of  a fofter 
matter  than  (lone  is  found,  and  the  perpendi- 
cular clefts  are  filled  with  fand,  cryftals,  mi- 
nerals, metals,  &c.  thefe  laft  matters  are  of  a 
more  modern  formation  than  the  horizontal  beds 
in  which  we  find  fea-(hells.  The  rains  have 
by  degrees  loofened  the  fand  and  the  earth  on 
the  upper  parts  of  mountains,  and  have  left 
the  (lone  and  rocks  entirely  naked,  in  which 
we  readily  diftinguifh  the  horizontal  ftrata  and 
perpendicular  clefts  : in  plains,  on  the  con- 
trary, the  rain-water  and  floods  having  brought 
a confiderable  quantity  of  earth,  fand,  gravel, 
and  other  fuch  matters,  have  formed  a bed  of 
tufa,  foft  and  diffoluble  ftone,  fand,  gravel,  and 
earth,  mixed  with  vegetables.  Thefe  beds  con- 
tain no  marine  fhellsj  or  at  leaft  only  frag- 
ments, which  have  been  detached  from  moun- 
tains, with  gravel  and  earth.  We  muft  care- 
fully diftinguifh  thefe  new  beds  from  the  old, 
where  almoft  always  a great  number  of  entire 

(hells 
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fhells  are  found  placed  in  their  natural  fitua- 
tion. 

If  we  obferve  the  order  and  internal  difpofi- 
tion  of  matters  in  a mountain,  compofed,  for 
example,  of  common  {tones,  or  calcinable  lapi- 
dific  matters,  we  generally  find  a bed  of  gravel 
under  the  vegetable  earth,  of  the  nature  and 
colour  of  the  {tone  which  predominates  in 
this  ground  ; and  under  the  gravel  we  meet 
with  ftone.  When  the  mountain  is  divided 
by  fome  trench,  or  deep  cut,  we  eafily  diftin- 
guilh  all  the  ftrata  of  which  it  is  compofed. 
Each  horizontal  ftratum  is  feparated  by  a kind 
of  joint,  which  is  likewife  horizontal,  and  their 
thicknefs  generally  increafe  in  proportion  as 
they  lower  from  the  fummit  of  the  mountain, 
and  are  all  divided  vertically  by  perpendicular 
clefts.  In  common,  the  firft  ftratum  which 
is  met  with  under  the  gravel,  and  even  the 
fécond,  are  only  thinner  than  the  beds  which 
form  the  bafe  of  the  mountain,  but  are  fo 
divided  by  perpendicular  clefts,  that  pieces  of 
any  length  are  not  to  be  feen  : they  perfedly 
refemble  the  cracks  of  ground  which  is  very 
dry,  but  go  not  very  far,  gradually  difappearing 
in  proportion  as  they  defcend,  and  towards  the 
bottom  there  are  no  great  number  but  where 

they 
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they  divide  the  ftrata  in  a more  regular  manner* 
Thefe  beds  of  (tone  are  often  many  leagues 
in  extent,  without  any  interruption  ; we  almoft 
always  meet  with  the  fame  kind  of  ftone  in  the 
oppofite  mountains,  whether  divided  by  a fmall 
neck  or  a valley  ; and  the  beds  of  ftone  difap- 
pear  only  in  places  where  the  mountain  finks 
and  becomes  level  with  fome  large  plain. 
Sometimes  between  the  firft  ftratum  of  vege- 
table earth,  and  that  of  gravel,  marl  is  found, 
which  communicates  its  colour  and  other  qua- 
lities to  the  other  two  : then  the  perpendicular 
clefts  of  the  quarries  which  are  beneath  are 
filled  with  this  marl,  where  it  acquires  an 
hardnefs  in  appearance  equal  to  that  of  ftone, 
but  by  expofing  it  to  the  air  it  crumbles,  fof- 
tens  and  becomes  duftile. 

In  moft  quarries  the  beds  of  ftone  formed  oil 
the  fummit  of  a mountain  are  foft,  and  thofe 
near  the  bafe  are  hard  ; the  firft  is  commonly 
white,  of  fo  fine  a grain  as  fcarcely  to  be  per- 
ceived ; it  becomes  more  grained  and  harder  in 
proportion  as  it  defcends,  and  the  loweft  ftone 
is  not  only  harder  than  that  of  the  upper,  but 
it  is  alfo  clofer,  more  compadt  and  heavier  ; its 
grain  is  fine  and  glofly,  and  often  brittle,  and 
breaks  as  clear  as  flint. 
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The  interior  part  of  a mountain  is  therefore 
compofed  of  different  parts  of  ftone,  the  upper 
of  which  are  of  foft  (tone,  and  the  lower  of 
hard,  and  much  broader  at  the  bottom  than  at 
the  top  ; which  indeed  almoft  neceffarily  follows, 
for  as  they  become  fo  much  the  harder  as  they 
defcend,  it  may  be  fairly  fuppofed  that  the  cur- 
rents and  other  motions  of  the  water  which 
have  hollowed  the  vallies  and  given  a fhape  to 
the  turnings  of  a mountain,  will  have  laterally 
worked  on  the  matters  of  which  the  mountain 
is  compofed,  and  have  worn  them  away  in  pro- 
portion as  they  were  hard  or  foft.  Now  the 
upper  ftrata  being  the  fofteft,  it  will  naturally 
have  fuffered  the  greateft  diminution.  This  is 
one  of  the  caufes  to  which  the  inclination  of 
mountains  may  be  attributed,  and  this  inclina- 
tion will  be  ftill  lefs  fteep  in  proportion  as  the 
earth  and  gravel  have  been  wafhed  away  by  the 
rain,  and  for  thefe  reafons  it  is  that  hills  and 
mountains, compofed  of  calcinable  matters,  have 
an  inclination  much  lefs  than  thofe  compofed  of 
live  rock  and  flint  in  large  maffes  ; the  lafl:  in 
general  are  of  confiderable  heights  and  nearly 
perpendicular,  becaufe  in  thefe  malfes  of  vi- 
trifiable  matters  the  upper  beds,  as  well  as  the 
vol.  il.  C c lower. 
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lower,  are  of  great  hardnefs,  and  have  alike 
refilled  the  a£tion  of  the  waters. 

When  on  the  top  of  a hill,  whofe  fummit  is 
flat,  and  of  a pretty  large  extent,  we  meet  with 
hard  (tone  directly  under  the  ftratum  of  vege- 
table earth,  we  muft  remark  that  what  appears 
to  be  the  fummit  is  not  fo  in  fa£l,  but  only  the 
continuation  of  fome  higher  hill,  whofe  upper 
ftrata  are  foft  ftone  and  the  lower  hard  ; and  it 
is  the  prolongation  of  ‘thefe  laft  ftrata  that  we 
meet  with  again  at  the  top  of  the  firft  hill. 

On  the  fummit  of  mountains  which  are  not 
furmounted  by  any  confiderable  height,  it  is 
generally  only  foft  ftone,  and  we  muft  dig  very 
deep  to  meet  with  hard.  Banks  of  marble  are 
never  found  but  between  thefe  beds  of  hard 
ftone,  which  are  diverfely  coloured  by  the  me- 
tallic earths  which  the  rain  introduces  into  the 
ftrata  by  filtration,  and  poflibly  in  every  country 
where  there  is  ftone,  marble  would  be  found 
if  dug  for  to  a fufficient  depth  ; ^uoto  enlm  loco 
non  fuum  marmor  invenitur ? fays  Pliny:  in 
fa£t  it  is  a much  more  common  ftone  than  it  is 
thought  to  be,  and  differs  from  other  ftones 
only  by  the  finenefs  of  its  grain,  which  renders 
it  more  compact  and  fufceptible  of  a brilliant 
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polifli  ; and  from  which  quality  it  took  its  de- 
nomination from  the  ancients. 

The  perpendicular  filTures  and  joints  of  quar- 
ries are  often  filled  and  incrufted  with  concre- 
tions, which  are  fometimes  as  tranfparent  as 
chryftal,of  a regular  figure,  fometimes  opaque: 
the  water  flows  through  the  perpendicular  clefts, 
and  penetrates  even  the  compact  texture  of  the 
ftone  ; the  Hones  which  are  porous  imbibe  fo 
great  a quantity  of  water,  that  the  froft  fplits 
and  divides  them.  The  rain  by  filtrating  through 
the  beds  of  marl,  ftone,  and  marble,  load  them- 
felves  with  every  matter  they  can  take  up  or 
diffolve.  Thefe  waters  at  firft  run  along  the 
perpendicular  clefts,  afterwards  penetrate  the 
beds  of  ftone,  and  depofit  between  the  hori- 
zontal joints,  as  well  as  in  the  perpendicular 
clefts,  the  matters  they  have  brought  with  them, 
and  form  thefe  different  congelations  according 
to  the  nature  of  the  matters  they  have  depofited  : 
for  example,  when  the  water  filters  through 
marl,  chalk,  or  foft  ftone,  the  matters  which 
they  depofit  are  a very  pure  and  fine  marl, 
which  generally  enters  in  the  perpendicular  cleft 
of  the  rocks  under  the  form  of  a porous,  foft 
fubftance,  commonly  very  white  and  light, 
C c 2 which 
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which  naturalifts  have  called  Lac  lunacy  or 
Medulla  Saxi. 

When  thefe  ftreams  of  water,  loaded  with 
lapidific  matter,  flow  through  the  horizontal 
joints  of  foft  ftone  or  chalk,  this  matter  attaches 
itfelf  to  the  furface  of  the  blocks  of  ftone,  and 
forms  white,  fcaly,  light,  and  fpongy  cruft  ; 
which  fome  authors  have  named  Mineral  Agaric , 
from  its  refemblance  to  Vegetable  Agaric  : but  if 
the  ftrata  are  of  common  hard  ftone,  proper  to 
make  good  lime,  the  filter  being  then  more  clofe, 
the  water  will  ifliie  from  it  loaded  with  lapidific 
matter,  more  pure  and  homogeneous  and  whofe 
molecules  uniting  more  intimately  will  form 
nearly  concretions  of  the  hardnefs  of  ftone, 
with  a little  tranfparency,  and  we  fhall  find  on 
the  furfaces  of  the  blocks  in  thefe  quarries, 
ftony  incruftations  varioufly  difpofed,  which 
entirely  fill  up  the  horizontal  joints. 

In  grottos  and  cavities  of  rocks,  which  may 
be  looked  upon  as  the  bafons  of  perpendicular 
clefts,  the  diverted  direction  of  the  ftreams  of 
watejf,  give  different  forms  to  the  concretion 
which  refult  therefrom.  They  in  general  have 
the  appearance  of  a cone  attached  to  the  top  of 
the  vault,  although  they  may  more  properly  be 

con- 
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confideredas  hollow  and  white  cylinders, formed 
by  a concentrical  furface  ; thefe  congelations 
fometimes  defcend  by  drops  to  the  bottom,  and 
form:  pillars,  and  a thoufand  other  figures,  as 
uncouth  and  ridiculous  as  the  names  which 
naturalifts  have  been  pleafed  to  give  them,  fuch 
as  Stalactites,  Stelegmites , OJleocallae , &c. 

When  thefe  concretic  juices  iiTue  immedi- 
ately from  marble  and  hard  ftone,  the  lapidific 
matter  conveyed  by  the  water  being  rather 
diffolved  than  loofened,  the  Imall  ccnftituent 
parts  take  a regular  figure,  and  form  columns, 
terminated  by  triangular  points,  which  are 
tranfparent  and  confift  of  oblique  ftrata  ; this  is 
called  Sparr,  or  Spall.  It  is  generally  tranf- 
parent and  colourlefs,  but  when  the  ftone  or 
marble  from  whence  it  iffues  contains  metallic 
parts,  this  fpar  is  as  hard  as  ftone  ; it  diftolves, 
like  ftone,  by  acid  fpirits,  and  calcines  with  the 
fame  heat  ; therefore  we  cannot  doubt  that  it  is 
real  ftone,  and  perfedly  homogeneous.  It  might 
even  be  faid  that  it  is  a pure  and  elementary 
ftone,  under  its  proper  and  fpecific  form. 

Moft  naturalifts  neverthelefs  look  on  this 
matter  as  a direél  fubftance,  exifting  indepen- 
dent of  ftone  ; it  is  the  lapidific  or  chryftalline 
juice  which,  according  to  them,  not  only  binds 
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the  parts  of  common  ftone,  but  even  thofe  of 
flint.  This  juice,  fay  they,  conftantly  aug- 
ments the  denfity  of  (tones  by  reiterated  filtra^ 
tions,  and  at  length  converts  them  into  real 
flint.  When  this  juice  is  fixed  in  fpar,  it  con- 
tinues to  receive  (till  more  pure  juices,  which 
increafe  its  denfity  and  hardnefs,  fo  that  this 
matter  fuccelfively  becomes  glafs,  then  chryftal, 
and  at  laft  a perfect  diamond. 

But  if  this  is  true,  why  in  whole  provinces 
does  this  chryftalline  juice  form  only  ftone,  and 
in  others  nothing  but  flint  ? Will  they  fay  that 
the  two  foils  are  not  of  a like  age,  and  that 
this  juice  has  not  had  time  to  circulate  and 
complete  the  end  of  its  natural  aétion  ? This 
is  not  probable.  Befides,  from  whence  does 
this  juice  proceed  ? If  it  produces  ftone  and 
flints,  what  is  it  that  produces  this  juice  ? It  is 
apparent  that  it  has  no  exiftence  independent 
of  thefe  matters,  which  of  themfelves  can  give 
to  the  water  that  penetrates  them  a petrifying 
quality,  always  relative  to  their  native  and  fpe- 
cific  charaâer,  infomuch  that  when  it  filtrates 
through  ftones  it  forms  fpar,  and  when  it  ilfues 
from  flints,  chryftal  ; and  there  are  as  many  dif- 
ferent kinds  of  this  juice,  as  matters  from  which 
they  proceed.  Experience  perfeétly  agrees  with 
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this  idea.  The  waters  which  filtrate  through 
{tone  quarries  generally  form  foft  andcalcinable 
matters,  like  the  ftones  themfelves  ; on  the  con- 
trary, thofe  which  fpring  from  rock  and  flint 
form  hard  and  vitrifiable  congelations,  which 
have  all  the  other  properties  of  flint,  as  the  firft 
have  all  thofe  of  ftone  ; fo  the  waters  which 
have  penetrated  the  beds  of  mineral  and  metal- 
lic fubftances  produce  pyrites,  marcafites,  and 
grains. 

We  have  obferved,  that  we  might  divide  all 
matters  into  two  great  clafies,  vitrifiable  and 
calcinable  ; clay  and  flint,  marl  and  (lone,  may 
be  looked  upon  as  the  two  extremes  of  each  of 
thefe  clafles,  the  intervals  of  which  are  filled 
with  an  almoft  infinite  variety  of  the  mixt  mat- 
ters which  have  always  one  or  other  of  thefe 
fubftances  for  their  bafis. 

The  fubftances  of  the  firft  clafs  can  never 
acquire  the  nature  and  properties  of  the  other. 
Stone  will  always  be  as  remote  from  the  nature 
offlint,aspotter’searthis  from  marl;  noknown 
agent  will  ever  be  capable  of  making  them 
quit  the  combinations  peculiar  to  their  nature  : 
the  country  which  produces  ftone  and  marble 
will  remain  todofo  as  certainly  asthofe wherein 
there  is  only  flint  and  granate  will  never  have 
either  ftone  or  marble.  If 
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If  we  obferve  the  order  and  diftribution  of 
matters  in  a hill  compofedof  verifiable  matters, 
we  fhall  commonly  find  under  the  firft  bed  of 
vegetable  earth  a bed  of  clay,  a vitrifiable  mat- 
ter, analogous  to  flint,  and  which,  as  I have 
obferved,  is  only  a decompofed  vitrifiable  fand: 
this  bed  of  argilaceous  earth  or  fand  anfwers  to 
a bed  of  gravel  met  with  in  hills  compofed  of 
calcinable  matters  : beneath  which  we  meet 
with  fome  beds  of  free-ftone  fcarcely  ever  more 
than  fix  inches  thick,  and  divided  into  fmall 
pieces  by  perpendicular  clefts.  Under  thefe  beds 
are  many  others  of  the  fame  matters,  and  alfo 
beds  of  vitrifiable  fand,  the  free-ftone  becomes 
harder  and  its  blocks  encreafe  in  fize  in  propor- 
tion as  we  defcend  ; underneath  thefe  we  find  a 
very  hard  matter  which  I have  called  live  rocks 
or  flint  in  large  mafles,  which  is  fo  hard  as  to 
refill  the  file,  graver,  and  acid  fpirits,more  than 
vitrifiable  fand,  and  even  powdered  glafs,  on 
which  aquafortis  feems  to  have  fome  effedt.  If 
ftruck  by  another  hard  body  it  emits  fparks,  and 
exhales  a very  penetrating  fmell  of  fulphur. 
This  mafiy  flint,  as  I have  termed  it,  isgenerally 
found  with  beds  of  clay,  earth,  coals,  and  vitri- 
fiable fand,  anfwer  to  the  flrata  of  hard  (tone 
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and  marbles,  which  ferve  as  a bafe  to  hills 
compofed  of  calcinable  matters. 

Water,  by  flowing  through  perpendicular 
clefts,  and  by  penetrating  the  ftrata  of  thefe 
vitrifiable  fands,  clays,  and  earths,  becomes  im- 
pregnated with  the  fine  and  moft  homogeneous 
parts  of  thefe  matters,  and  forms  many  diffe- 
rent concretions,  fuch  as  talcs,  amianthus’s, 
and  various  other  fubftances  produced  by  dif- 
tillations  through  vitrifiable  matters. 

Flint  3 notwithftanding  its  hardnefs  and  den- 
fitv,  has,  like  common  marble  and  hard  ftone, 
its  exudations,  from  whence  ftaladlites  of  dif- 
ferent kinds  refult,  whofe  varieties  of  tranfpa- 
rency,  colours  and  configuration,  are  according 
to  the  nature  of  the  flint  which  produces  them, 
and  the  different  metallic  or  heterogeneous 
matters  which  it  contains.  Rock  chryftal,  all 
precious  ftones,  white  or  coloured,  and  even 
diamonds,  may  be  regarded  as  ftaladtites  of 
this  kind.  Flints  in  fmall  pieces,  whofe  ftrata 
are  generally  concentric,  are  alfo  ftalaftites,  or 
parafitical  ftones;  from  flints  of  large  dimen- 
fions,  and  moft  fine  opaque  ftones,  are  only  fpe- 
cies  of  flint.  Matters  of  a vitrifiable  kind,  as 
we  have  obferved,  do  not  produce  fo  great  a 
vol.  il.  D d variety 
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variety  of  concretions  as  thofe  of  the  calcin- 
able  clafs  ; and  thefe  concretions,  produced  by 
flints,  are  almoft  all  hard  and  precious  ftones  ; 
whereas  thofe  of  the  calcareous  are  only  foft 
matters  of  no  value. 

Perpendicular  clefts  are  found  in  rocks  of 
flint,  as  well  as  in  thofe  of  marble  and  hard 
ftone  ; they  are  fometimes  even  larger  there, 
which  proves  that  matter  is  {till  dryer  than 
ftone  : hills,  whether  of  calcinable  or  verifiable 
matters,  are  fupported  by  clay  or  vitrifiable 
fand  ; thefe  are  the  common  and  general  mat- 
ters of  which  the  globe  is  compofed,  and  which 
I look  on  as  the  lighteft  parts,  or  the  fcoria  of 
vitrified  matter,  with  which  it  is  internally  fil- 
led ; thus  all  mountains  or  plains  have  argila- 
ceous  earth  or  fand  for  their  common  founda- 
tion. For  example,  we  fee  that  in  the  pits  at 
Amfterdam  and  Marly  la  Ville,  vitrifiable  fand 
was  below  every  other  ftratum. 

In  moft  naked  rocks  it  is  obfervable  that  the 
fides  of  the  perpendicular  clefts,  whether  broad 
or  narrow,  correfpond  as  exaftly  as  thofe  of  a 
piece  of  flit  wood.  In  the  large  quarries  in 
Arabia,  which  are  almoft  compofed  ofgranate, 
thefe  perpendicular  feparations  are  very  fre- 
quent j and  although  fome  are  twenty  or  thirty 
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yards  wide,  yet  the  ridges  exa&ly  correfpond 
and  leave  a deep  cavity  between  them  *.  It  is 
very  common  to  find  in  perpendicular  clefts 
lhells  broken  in  half,  and  each  piece  remaining 
fattened  to  the  ftone  on  the  oppofite  fide  ; 
which  proves  thefe  fliells  were  placed  in  the 
folid  ftratum,  and  before  the  cleft  was  made  t. 

Infome  matters  the  perpendicular  clefts  are 
very  wide,  as  in  the  quarries  quoted  by  Shaw, 
which  perhaps  is  the  reafon  that  they  are  not 
fo  frequently  met  with.  In  the  quarries  of 
flint  and  granate,  the  ftone  m*iy  be  cut  out  in 
very  large  pieces  without  the  fmalleft  incon- 
veniency,  as  the  obelilks  and  pillars  feen  at 
Rome,  which  are  upwards  of  fixty,  eighty,  an 
hundred,  or  one  hundred  and  fifty  feet  long.  It 
appears  that  thefe  large  pillars  were  raifed  from 
the  quarry,  and  that  they  are  to  be  had  of  any 
required  thicknefs,  as  well  as  fome  fpecies  of 
free-ftone.  There  are  other  matters  where 

n 

thefe  perpendicular  ftrata  are  very  narrow  ; as 
in  clay,  marl,  and  chalk,  and  they  are  wider 
in  marble  and  moft  hard  ftones.  Some  are 
imperceptible  from  being  filled  with  a matter 
nearly  fimilar  to  that  of  the  ftone  itfelf,  which 
D d 2 neverthelefs 

* See  Shaw’s  Travels,  Vol.  II.  page  83. 
f See  Woodward,  page  198. 


204 


buffon’s 


neverthelefs  breaks  off  the  continuity  of  the 
ftone,  and  are  what  the  workmen  call  hairs.  I 
have  often  remarked  that  in  marble  and  ftone 
thefe  hairs  crofs  the  blocks  entirely,  and  differ 
from  particular  clefts  only  becaufe  their  fepa- 
ration  is  not  complete,  thefe  kind  of  clefts  are 
filled  with  a tranfparent  matter,  which  is  a true 
fpar.  There  are  a great  number  of  confi- 
derable  clefts  in  the  quarries  of  free-ftone  ; 
this  proceeds  from  thefe  rocks  often  refting 
on  lefs  folid  bafes  than  marble  or  calcinable 
ftones,  which  generally  reft  on  clay.  There 
are  many  places  where  free-ftone  is  not  to 
be  met  with  in  large  maffes  ; and  in  moft 
quarries  where  it  is  good  it  lies  in  the  form  of 
cubes  and  parallel  pipedes  placed  on  each 
other  in  a very  irregular  manner,  as  in  the  hills 
of  Fontainbleau,  which  at  a diftance  appear 
to  be  the  ruins  of  ancient  buildings.  This  ir- 
regular difpofition  proceeds  from  the  bafe  of 
thefe  hills  being  compofed  of  fand,  which  per- 
mits the  rocks  to  fink  one  on  the  other,  par- 
ticularly in  places  that  formerly  have  been 
worked,  which  has  occafioned  a great  number 
of  clefts  and  intervals  between  the  blocks  ; and 
we  may  obferve,  in  every  country  where  fand 
and  free-ftone  abound,  that  there  are  many 
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pieces  of  rock  and  large  ftones  in  the  middle 
of  plains  and  vailles  ; whereas  in  a country 
confiding  chiefly  of  marble  and  hard  {tone, 
thefe  fcattered  pieces,  which  have  rolled  from 
the  hills  and  mountains,  are  very  fcarce,  which 
proceeds  only  from  the  different  folidity  of  the 
bafe  on  which  thefe  ftones  reft,  and  from  the 
extent  of  the  banks  of  marble  and  calcinable 
ftone,  which  is  more  confiderable  than  that  of 
free-ftone. 


ARTICLE  XVIII. 

OE  THE  EFFECTS  OF  RAIN OF  MARSHES,  SUBTER- 

RANEOUS WOOD,  AND  WATER. 


TX7E  have  already  obferved  that  rains,  and 

*  *  * the  currents  of  water  they  produce, 
continually  detach  from  the  heights  of  moun- 
tains fand,  earth,  gravel,  &c.  which  they 

carry 
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carry  into  plains,  from  whence  the  rivers  con- 
vey a part  of  them  into  the  fea.  Plains  there- 
fore are  fucceffively  filled,  and  by  degrees  raif- 
ed  higher,  while  mountains  daily  diminilh. 
Jofeph  Blancanus  relates  various  faâs  on  this 
fubjeft,  which  were  of  public  notoriety  in  his 
time,  and  which  prove  that  mountains  have 
been  confiderably  lowered.  In  the  county  of 
Derby,  in  England,  the  fteeple  of  the  village 
Craich  was  not  vifible  in  1572  from  a cer- 
tain mountain,  on  account  of  the  height  of 
another  which  intervened  : in  eighty  or  an 
hundred  years  after,  not  only  this  fteeple  but 
every  part  of  the  church  became  vifible  from 
that  very  fpot.  Do&or  Plot  gives  a fimilar 
example  of  a mountain  between  Sibbertoft  and 
Afhby,  in  Northamptonfhire.  The  rain  waters 
not  only  carry  with  them  the  lighteft  parts 
of  the  mountains,  as  earth,  gravel,  and  fmall 
ftones,  but  even  undermine  and  roll  down  large 
rocks,  which  confiderably  diminifh  the  height 
of  them.  The  mountains  of  Wales  are  very 
fteep  and  high,  and  the  fragments  of  thefe 
rocks  are  to  be  feen  in  large  pieces  at  their 
feet,  which  as  well  as  all  fragments  of  rocks 
met  with  in  vallies  are  the  works  of  frofts  and 
water.  It  is  not  mountains  of  fand  and  earth 

alone 
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alone  which  the  rain  caufes  to  fink,  for  they 
attack  the  hardeft  rocks,  and  carry  with  them 
large  fragments  into  the  vallies.  In  a valley 
in  Nant-phrancon,  in  1685,  a part  of  a large 
rock,  which  refted  on  a narrow  bafe,  having 
been  undermined  by  the  waters,  fell  and  broke 
in  many  pieces,  the  larged  of  which,  in  de- 
fcending,  tore  up  a confiderable  trench  in  the 
plain,  and  eroded  a fmall  river  on  the  other 
fide  of  which  it  flopped.  It  is  to  fimilar  acci«* 
dents  we  muft  attribute  the  origin  of  all  the 
large  (tones  found  adjacent  to  the  mountains. 
We  muft  recollect,  as  before  obferved,  that 
thefe  large  (tones,  fcattered  abroad,  are  more 
common  in  countries  whofe  mountains  are 
compofed  of  fand  and  free-ftone,  than  in  thofe 
where  their  compofition  is  marble  and  clay, 
becaufe  fand  is  a lefs  folid  foundation  than 
clay. 

To  give  an  idea  of  the  quantity  of  earth 
which  the  rain  detaches  from  mountains  and 
carries  into  the  vallies,  we  (hall  quote  a cir- 
cumftance  related  by  Dr.  Plot  ; he  fays,  in  his 
Natural  Hiftory  of  Staffordfliire,  that  18  feet 
deep  in  the  earth  a great  number  of  piece» 
of  money  had  been  found,  coined  in  the  reign 
of  Edward  IV.  two  hundred  years  before  his 

time. 
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time,  from  which  he  concludes  that  the  ground 
which  is  mardi  y has  increafed  above  a foot  in 
eleven  years,  or  an  inch  and  a twelfth  every 
year.  A fimilar  obfervation  occurs  with  re- 
fpedt  to  fome  trees  buried  feventeen  feet  deep 
from  the  furface  under  which  medals  of  Julius 
Cæfar  were  found  ; fo  the  earth,  brought  from 
the  top  of  mountains  by  the  waters,  confider- 
ably  increafes  the  elevation  of  the  ground  of 
plains- 

This  gravel,  fand,  and  earth  which  the 
waters  from  mountains  convey  into  plains 
form  ftrata,  which  muft  not  be  confounded 
with  the  ancient  and  original  ftrata  of  the 
globe.  In  the  former  clafs  muft  be  placed 
thofe  of  foft  ftone,  gravel,  and  fand,  the  grains 
of  which  are  waftied  and  rounded  ; to  thefe 
may  be  added,  the  ftrata  of  ftones  which  are 
formed  by  a kind  of  incruftation  ; neither 
of  which  owe  their  origin  to  the  motion  or 
fediments  of  the  fea.  In  thefe  ftrata  of  foft 
and  imperfect  ftones  are  found  an  infinity  of 
vegetables,  leaves,  land  and  river  fhells,  and 
fmall  bones  of  terreftrial  animals,  but  never 
fea  (hells,  or  other  marine  productions  ; which 
evidently  proves,  together  with  their  want 
of  folidity,  that  thefe  ftrata  are  formed  on  the 

furface 
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fur  face  of  the  dry  land,  and  that  they  are  more 
modern  than  thofe  of  marble  and  other  ftones 
which  contain  (hells,  and  were  originally 
formed  by  the  fea.  All  thefe  modern  ftones 
appear  to  be  hard  and  folid  when  they  are  firft: 
hewn  out,  but  when  expofed  to  the  weather, 
the  air  and  rain  prefently  diffolve  them  ; their 
fubftance  is  fo  different  from  true  ftone,  that 
when  reduced  into  minute  parts,  to  make  fand 
of  them,  they  are  converted  into  a kind  of  earth 
or  clay.  Stalactites  and  other  ftony  concre- 
tions, which  Tournefort  took  for  vegetated 
marble,  are  not  real  ftones,  no  more  than  thofe 
formed  by  incruftations.  We  have  already 
(hewn  that  tufa  is  not  of  ancient  formation, 
and  muft  not  be  ranked  in  the  clafs  of  ftones. 
Tufa  is  an  imperfeCt  matter,  differing  from 
ftone  or  earth,  but  which  derives  its  origin 
fronj  both  by  the  means  of  rain  water,  as  in- 
cruftatiqns  derive  theirs  from  the  depofit  of  the 
water  of  certain  fprings  ; therefore  the  ftrata 
of  thefe  matters  are  not  ancient,  nor  been 
formed  like  the  reft,  by  the  fediments  of  the 
fea.  The  ftrata  of  turf  are  alfo  modern,  and 
have  been  produced  by  the  fucceffive  affem- 
blage  of  leaves  and  other  perifhable  vegetables, 
and  which  are  only  preferved  by  a bitumous 
XrOL.  ii.  Ee  earth. 
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earth.  Among  thefe  modern  ftrata  we  never 
meet  with  any  marine  productions  ; but,  on 
the  contrary,  many  vegetables,  bones  of  land 
animals,  and  land  and  river  fhells,  as  may  be 
feen  in  the  meadows  near  Afhby,  in  the 
county  of  Northampton,  where  a great  number 
of  fnail  fhells,  plants,  herbs,  and  many  river 
fhells  are  found  all  in  good  preservation,  fome 
feet  deep  in  the  earth,  but  not  a Single  marine 
fhell  among  them  *. 

Thefe  new  ftrata  have  been  formed  by  the 
water  which  runs  on  the  Surface  of  the  earth, 
often  changing  Situation  and  difperfing  on 
every  fide.  Part  of  thefe  waters  penetrate 
internally  and  flow  acrofs  the  clefts  of  rocks 
and  ftones  ; and  the  reafon  we  meet  with  no 
water  in  high  lands,  no  more  than  on  the  tops 
of  hills,  is,  becaufe  all  elevations  are  generally 
compofed  of  ftone  and  rocks,  therefore  to  find 
water  we  muft  dig  through  the  rock  till  we 
come  to  clay  or  firm  earth,  on  which  thefe 
rocks  ftand,  and  we  Shall  not  meet  with  any 
wrater  until  the  ftone  is  pierced  to  the  bottom  : 
therefore  when  the  thicknefs  of  the  rock, 
which  muft  be  pierced,  is  very  considerable,  as 
in  lofty  mountains,  where  they  are  often  up- 
wards 

* See  Phiîofophical  Tranf.  Abridg.  n,page27j. 
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wards  of  iooo  feet  in  height,  it  is  impoffible  to 
dig  to  their  bafe,  and  of  courfe  to  have  any 
water.  There  are  even  large  parts  of  land 
where  there  is  not  any  water,  as  in  Arabia 
Petrea,  which  is  a defert  where  no  rain  ever 
falls,  where  the  fcorching  fand  covers  the  whole 
furface  of  the  earth,  where  there  is  fcarcely 
any  vegetable  foil,  where  the  few  plants  found 
are  fickly,  and  where  fprings  and  wells  are  fo 
very  fcarce  that  only  five  are  reckoned  between 
Cairo  and  Mount  Sinai,  and  the  water  of  them 
is  fait  and  bitter. 

When  the  waters  on  the  furface  cannot  find 
vent  to  flow  they  form  marfhes  and  fens.  The 
moft  famous  marfhes  in  Europe  are  thofe  of 
Mufcovy,  at  the  fource  of  the  Tanais  ; and 
thofe  of  Sayolaxia  and  Enafak,  in  Finland  ; 
there  are  alfo  fome  in  Holland,  Weftphalia, 
and  other  low  countries:  in  Afia  are  the 
marfhes  of  the  Euphrates,  of  Tartary y and  of 
the  Palus  Meotis  ; neverthelefs  there  are  fewer 
of  them  in  Afia  and  Africa  than  in  Europe  ; 
but  America  may  be  faid  to  be  but  one  conti- 
nued marfn  throughout  all  its  plains,  which  is 
a greater  proof  of  the  modern  date  of  the 
country,  and  of  the  fmall  number  of  inhabi- 
tants than  their  want  of  indufiry. 

E e 2 
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There  are  very  great  bogs  in  England, 
efpecially  near  the  fea  in  Lincolnfhire,  which 
has  loft  much  ground  on  one  fide  and  gained  it 
on  the  other.  In  the  ancient  ground  a great 
number  of  trees  are  found  buried  below  the 
new  ground,  which  has  beçn  depofited  there  by 
the  water.  The  fame  alfo  are  met  with  in 
Scotland,  particularly  at  the  mouth  of  the  river 
Nefs.  Near  Bruges,  in  Flanders,  in  digging 
to  the  depth  of  40  or  50  feet,  a great  quantity 
of  trees  were  found,  as  clofe  to  each  other  as 
in  a foreft  : the  trunks,  branches,  and  leaves 
were  fo  well  preferved,  that  the  different  kinds 
were  eafily  diftinguifhed.  About  500  years 
fince,  the  land  where  thefe  trees  were  found 
was  covered  by  the  fea,  and  before  that  time 
there  is  no  trace  or  tradition  that  it  ever  exift- 
ed  ; neverthelefs  it  muft  have  been  fo,  when 
thefe  trees  flood  and  vegetated  ; therefore  this 
ground,  which  formerly  was  covered  with 
wood,  has  been  overwhelmed  by  the  fea,  the 
waters  of  which  has  by  degrees  depofited  there 
between  40  and  50  feet  of  earth  upon  the 
former  furface,  and  then  retired.  A number 
of  fubterraneous  trees  have  been  alfo  found 
at  Youle,  in  Yorkfhire,  12  miles  below  the 
town,  near  the  river  Humber  ; there  are  fome 
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large  enough  for  building  ; and  it  is  faid,  per- 
haps improperly,  that  this  wood  is  as  durable 
as  oak.  The  people  cut  them  into  long  thin 
flips,  and  fell  them  in  the  neighbouring  towns, 
where  they  are  ufed  for  lighting  of  pipes.  All 
thefe  trees  appear  broken,  and  the  trunks  are 
feparated  from  the  roots  as  if  they  had  fuffered 
the  violence  of  a hurricane  or  an  inundation. 
This  wood  greatly  refembles  willow,  it  has  the 
fame  fmell  when  burnt,  and  makes  charcoal 
exa£Uy  like  it  #.  In  the  ifle  of  Man  there  is 
a marfh  fix  miles  long  by  three  broad,  it  is 
called  Curragh  ; fubterraneous  trees,  like  wil- 
lows, are  found  there,  and  although  they  are 
18  or  20  feet  high,  they  are  neverthelefs  firm 
on  their  roots  t.  Trees  are  met  with  in  almofl 
every  morafs,  bog,  and  marfh,  in  Somerfet, 
Chefter,  Lancafter,  and  Stafford.  There  are 
fome  places  where  trees  are  found  under  the 
earth,  which  have  been  cut,  fawed,  fquared, 
and  worked  by  the  labour  of  man  ; and  even 
wedges  and  faws  have  likewife  been  found 
by  them.  Between  Birmingham  and  Bromley, 
in  the  county  of  Lincoln,  there  are  lofty  hills 
of  fine  light  fand,  which  the  rain  and  wind 

fweep 

* See  Philofophical  Tranfa&ions,  No.  228. 

f See  Ray’s  Difcourfes,  page  232. 
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fweep  away,  leaving  uncovered  the  roots  of 
large  willow  trees,  on  which  the  imprefiion  of 
the  axe  is  exceedingly  plain.  Thefe  hills  with- 
out doubt  have  been  formed  like  downs,  by 
the  acumulatiori  of  fand,  which  the  waters  of 
the  fea  has  brought  there  and  depoiited  at  dif- 
ferent periods.  A great  number  of  thefe  fub- 
terraneous  trees  are  alfo  found  in  the  marlhy 
lauds  of  Holland,  Friefland,  and  near  Gro- 
ningen, from  whence  the  turfs  which  they 
burn  are  dug. 

In  the  earth  are  found  trees  of  almoft  every 
kind,  as  willows,  oaks,  firs,  afpins,  beech,  yew 
afh,  hawthorn,  &c.  In  the  fens  of  Lincoln, 
along  the  river  Oufe,  and  in  Hatfield-Chace,  in 
the  county  of  York,  thefe  trees  are  as  ftraight 
as  we  fee  them  in  a foreft.  The  oaks  are  very 
hard  and  ufed  in  buildings  ; they  are  faid  to  laft 
a long  time,  but  which  I mu  ft  doubt,  as  all 
trees  that  are  dug  out  of  the  earth,  at  leaft  all 
thofe  which  I have  feen,  whether  oak  or  others, 
lofe  in  drying  all  the  folidity  which  they  ap- 
peared to  have  at  firft.  The  afti  is  tender, 
and  foon  crumbles  to  duft.  There  are  many 
trees  which  have  clearly  been  lhaped  and 
fa  wed  by  men,  and  the  hatchets,  fometimes 
found  near  them,  referable  in  form  the  knives 

anciently 
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anciently  ufed  in  facrifices.  Befides  trees,  nuts, 
acorns,  &c.  are  met  with  in  great  quantities,  in 
many  other  fenny  parts  of  England  and  Ireland, 
as  well  as  the  moraffes  of  France,  Sweden,  Sa- 
voy, and  Italy*. 

In  the  city  of  Modena,  and  four  miles  round, 
whatever  part  of  the  earth  is  dug,  to  the  depth 
of  fixty-three  feet,  and  then  bored  five  more 
with  an  auger,  the  water  fprings  out  with  fuch 
great  force,  that  the  well  is  filled  inftantly  ; and 
this  water  continues  always  the  fame,  neither 
diminilhing  nor  increafmg  by  rain  nor  drought. 
What  is  more  remarkable  in  this  ground, 
when  we  reach  the  depth  of  fourteen  feet,  we 
find  the  ruins  of  an  ancient  town,  as  paved 
ftreets,  houfes,  different  pieces  of  mofaic  work, 
&c.  After  this  is  a very  folid  ground,  which 
appears  to  have  never  been  ftirred  ; yet  below  it 
we  find  a moift  earth  mixed  with  vegetables  ; 
and  at  twenty-fix  feet  entire  trees,  as  filberds 
with  nuts  thereon,  and  a great  quantity  of 
branches  and  leaves.  At  twenty-eight  feet  is 
a flratum  of  chalk  mixed  with  fhells,  and  this 
bed  is  eleven  feet  in  thicknefs  ; after  this  we 
again  meet  with  vegetables;  and  foon  alterna- 
tively 

* See  Philofophical  Tranfa«5Uons  Abridged,  vol.IV.  page 
Ü-1S,  See. 
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tively  ta  the  depth  of  fixty-three  feet,  wherç 
there  is  a bed  of  fand  mixed  with  gravel  and 
(hells,  like  thofe  formed  on  the  cdafts  of  the 
Italian  fea  ; thefe  fucceflive  beds  are  always 
met  with  in  the  fame  order,  wherefoever  it  has 
been  dug,  and  very  often  the  auger  meets  with 
large  trunks  of  trees,  which  the  workmen  bore 
through  with  much  labour.  Bones  of  animals, 
coals,  flint,  and  pieces  of  iron  are  alfo  found, 
Ramazzini,  who  relates  thefe  circumftances, 
thinks  that  the  Gulph  of  Venice  formerly  ex- 
tended beyond  Modena,  and  that  by  the  fedi- 
ments  of  ’rivers  in  the  courfe  of  time,  afhfted 
perhaps  by  the  inundations  of  the  fea,  this 
ground  has  been  formed. 

I (hall  no  longer  dwell  on  the  varieties  in 
the  formation  of  modern  ftrata,  it  fuffices  to 
have  (hewn  that  they  have  been  produced  by  no 
other  oaufes  than  the  running  and  ftagnate  wa- 
ters, which  are  upon  the  furface  of  the  earth, 
and  that  they  are  neither  fo  hard  nor  folid  as 
the  ancient  ftrata  which  are  formed  under  the 
waters  of  the  fea. 
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ARTICLE  XIX. 

OF  THE  CHANGBS  OF  LAND  INTO  SEA  AND  SEA 
INTO  LAND, 


BY  what  has  been  faid  in  the  Articles  1,  vii, 
vin  and  ix, it  appears  that  great  and  general 
changes  have  happened  to  the  terreftrial  globe  ; 
and  it  is  as  certain,  from  what  we  have  related  in 
other  Articles,  that  the  furfaceof  the  earth  has 
undergone  particular  alterations.  Although  the 
order  or  fuccefiion  of  thefe  particular  altera- 
tions are  not  perfectly  known,  yet  we  are  ac- 
quainted with  the  principal  caufes  ; we  can 
even  diftinguifh  their  different  effects  ; and  if 
we  could  collect  all  the  fa£ts  which  Natural 
and  Civil  Hiftory  furnifhes  on  the  fubjedt:  of  the 
revolutions  which  have  happened  to  the  fur- 
VOL.  11.  F f face 
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face  of  the  earth,  we  do  not  doubt  but  that  the 
Theory  of  the  Earth  which  we  have  laid  down 
would  receive  additional  fupport. 

One  of  the  principal  caufes  of  thefe  altera- 
tions is  the  motion  of  the  fea,  a motion  it  has 
endured  from  the  earlieft  ages  ; for  fince  the 
fun,  moon,  earth,  waters,  air,  &c.  have  exifted 
from  the  time  of  the  creation,  the  effe£ts  of  the 
tides,  the  motion  of  the  fea  from  eaft  to  weft, 
as  well  as  that  of  the  winds  and  currents,  muft 
have  been  felt  for  the  fame  fpace  ; and  if  even 
we  fhould  fuppofe  the  axis  of  the  globe  had 
formerly  another  inclination,  and  that  the  con- 
tinents, as  well  as  the  fea,  had  another  difpofi- 
tion,  it  does  not  deftroy  the  motion  of  flux  and 
reflux,  nor  alter  the  caufe  and  effects  of  the 
winds  : it  is  fufficient  that  the  immenfe  quantity 
of  waters  which  fill  the  vaft  fpace  of  the  fea  is 
found  in  fome  part  on  the  globe  of  the  earth, 
for  wherever  they  had  been  collected  they  would 
have  ft  il  l been  fubjeft  to  the  fame  motions,  and 
produced  fimilar  effects. 

When  it  was  once  fuppofed  that  our  continent 
was  formerly  the  bottom  of  the  fea,  there  was 
foon  no  doubt  remaining  thereon.  The  de- 
vaftations  of  the  fea,  which  are  every  where  to 
be  met  with  ; the  horizontal  fituation  of  the 

ftrata 
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ftrata  of  the  earth  ; and  the  correfpondence  of 
hills  and  mountains  appear  as  fo  many  con- 
vincing proofs  ; for  by  examining  the  plains, 
vallies,  and  hills,  we  clearly  perceive  that  the 
furface  of  the  earth  has  been  formed  by  the  wa- 
ters, It  is  equally  evident,  when  we  look  into 
the  interior  parts  of  the  earth,  that  thofe  ftones 
which  contain  fea-fhells  have  been  formed  by  the 
fediments  of  the  waters, fmce  thefhells  are  found 
filled  with  the  fame  matter  as  that  which  fur- 
rounds  them  ; and  laftly,  by  reflecting  on  the 
correfponding  angles  of  oppofite  hills,  we  can- 
not doubt  but  their  directions  are  the  works  of 
the  currents  of  the  fea.  It  is  true,  that  fince 
the  earth  has  been  left  uncovered,  the  original 
form  of  the  furface  has  been  conftantly  chang- 
ing, the  mountains  have  diminifhed  in  height, 
the  plains  have  been  elevated,  the  angles  of 
hills  become  more  obtufe,  many  waters  walk- 
ed away  by  floods  or  rivers  have  taken  a 
round  fhape,  beds  of  gravel,  foft  done,  &c. 
have  been  formed  ; but  the  eflential  matter  is 
dill  remaining,  the  ancient  form  is  dill  appa- 
rent, and  I am  perfuaded  that  all  the  world  may 
be  convinced  by  their  own  infpeClion  of  what 
has  been  advanced  on  this  fubjeCt  ; and  who- 
ever attends  to  the  obfervations  and  proofs  I 
F f % have 
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have  given,  will  not  doubt  the  earth  was  for- 
merly covered  by  the  waters  of  the  fea,  and  that 
it  is  the  currents  of  the  fea  which  has  given  to 
the  furface  of  the  earth,  the  form  we  at  prefent 
perceive. 

The  principal  motion  of  the  fea  is,  as  we 
have  already  obferved,  from  eaft  to  weft.  It 
alfo  appears  that  the  fea  has  gained  above  500 
leagues  of  ground  on  the  eaftern  coafts  of  both 
the  old  and  new  continents  : for  the  proofs  of 
which  we  refer  to  thofe  given  in  Article  xi. 
and  fhall  only  add  thereto,  that  all  ftraits  which 
join  two  feas  are  diredted  from  eaft  to  weft  ; 
the  ftraits  of  Magellan,  Frobifher,  of  Hudfon, 
of  Ceylon,  and  thofe  of  the  feas  of  Corea  and 
Kamtfchatka  have  all  this  diredtion,  and  ap- 
pear to  have  been  formed  by  the  currents  of  the 
waters,  which  being  impelled  from  eaft  to  weft, 
opened  thefe  palfages  in  the  fame  diredtion,  and 
in  which  they  preferve  a more  confiderable 
motion  than  in  any  other  ; for  in  thefe  ftraits 
there  are  high  and  violent  tides,  whereas  in 
thofe  fituated  on  the  weftern  coafts,  like  that  of 
Gibraltar,  Sund,  &c.  the  motion  of  the  tides  is 
almoft  infenfible. 

The  inequalities  of  the  bottom  of  the  fea 
change  the  diredtion  of  the  waters’  motion  ; 

they 
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they  have  been  fucceflively  produced  by  the  fe- 
diment  of  the  water,  and  by  matters  tranfport- 
ed  by  the  tides  or  other  motions  ; for  we  do 
not  confider  the  motion  of  the  tides  as  the  foie 
caufe  of  thofe  inequalities,  but  only  as  the 
principal  and  firft,  becaufe  it  is  the  moft  con- 
fiant and  a£ts  without  interruption  ; the  aCtion 
of  the  winds  is  another  caufe  ; the  a£Hon  of 
which  beginning  at  the  furface,  extends  to 
eonfiderable  depths,  as  is  plain  from  the  mat- 
ters that  are  loofened  and  thrown  up  by  a ftorm 
from  the  bottom  of  the  fea,  and  which  never 
happens  but  in  tempeftuous  weather. 

We  have  already  mentioned  that  between  the 
tropics,  and  even  fome  degrees  beyond  them, 
an  eaft  wind  continually  blows  ; this  wind, 
which  contributes  to  the  general  motion  of  the 
fea  from  eaft  to  weft,  is  as  ancient  as  the  flux 
and  reflux,  fince  it  depends  on  the  rarefaction  of 
the  air  produced  by  the  heat  of  the  fun.  Here 
then  are  two  united  caufes  of  motion,  the  great- 
eft  of  which  is  near  the  equator.  The  firft,  the 
tides  which  are  more  fenfibly  felt  in  fouthern 
latitudes  ; and  the  fécond,  the  eaft  wind  which 
blows  continually  in  the  fame  climates.  Thefe 
two  caufes  have  concurred,  ever  fince  the  forma- 
tion of  the  globe,  to  produce  a motion  in  the 
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waters  from  eaft  to  weft,  and  to  agitate  them 
more  in  that  part  of  the  globe  than  in  all  the 
reft.  It  is  for  this  reafon  that  the  greateft  in- 
equalities of  the  furface  of  the  globe  are  found 
between  the  tropics.  The  part  of  Africa  com- 
prehended between  thefe  two  circles  is  only  a 
group  of  mountains  whofe  different  chains  ex- 
tend for  the  moft  part  from  eaft  to  weft,  as  is 
evident  from  the  direction  of  the  great  rivers 
of  this  part  of  the  world  ; it  is  the  fame  with 
thofe  parts  of  Afia  and  America  which  are  com- 
prifed  between  the  tropics. 

From  the  combination  of  the  general  motion 
of  the  fea  from  eaft  to  weft,  with  the  flux  and 
reflux  of  the  currents,  and  the  winds,  an  infi- 
nite number  of  different  effects  has  refulted, 
both  on  the  bottom  of  the  fea  and  on  the  coafts. 
Varenius  fays,  it  is  very  probable  that  thegulphs 
and  ftraits  have  been  formed  by  the  reiterated 
efforts  of  the  ocean  againft  the  land  ; that  the 
Mediterranean  Sea,  the  Gulphs  of  Arabia, 
Bengal,  and  Cambay,  have  been  formed  by  the 
eruption  of  the  waters,  as  well  as  the  ftraits 
between  Sicily  and  Italy,  between  Ceylon  and 
India,  between  Greece  and  Euboea,  and  that 
it  is  the  fame  with  refpefl  to  the  ftraits  of  the 
Manillas,  Magellan,  &c.  that  one  proof  of 
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thefe  eruptions,  and  that  the  fea  has  forfaken 
different  lands  is,  that  but  few  illands  are  to  be 
met  with  in  the  great  feas,  and  never  a great 
number  of  iflands  clofe  to  each  other  ; that  in 
the  immenfe  fpace  occupied  by  the  Pacific  Sea, 
not  above  two  or  three  fmall  iflands  are 'to  be 
found  towards  the  middle  of  it  ; that  in  the  vaft 
Atlantic  ocean,  between  Africa  and  the  Brazils, 
we  only  find  the  fmall  iflands  of  St.  Helena 
and  Afcenfion  ; but  that  all  iflands  are  near  the 
great  continents,  as  thofe  of  the  Archipelago, 
near  the  continents  of  Europe  and  Afia,  the 
Canaries,  near  Africa,  all  the  iflands  of  the  In- 
dian fea,  near  the  eaftern  coaft  of  Afia  ; the 
Antille  iflands,  clofe  to  that  of  America,  and 
that  only  the  Azores  lie  at  any  great  diftance  in 
the  fea  between  Europe  and  America. 

The  inhabitants  of  Ceylon  fay,  that  their 
iflandwas  feparatedfromthepeninfulaof  India 
by  an  eruption  of  the  ocean  ; and  this  popular 
tradition  is  very  probable.  It  isalfo  imagined 
the  ifland  of  Sumatra  has  been  feparated  from 
the  continent,  and  the  great  number  of  ihoals 
and  fand  banks  are  a ftrong  proof  of  it.  The 
Malabars  aflert,  that  the  Maldivian  iflands 
formed  a part  of  the  continent  of  India,  and  in 
general  it  may  be  reafonably  fuppofedthatallthe 
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eaftern  iflands  have  been  divided  from  the  con- 
tinents by  eruptions  of  the  ocean. 

There  is  an  appearance  that  formerly  the 
ifland  of  Great  Britain  was  part  of  the  conti- 
nent, and  that  England  was  joined  to  France  ; 
the  fimilarity  of  the  ftones  on  the  two  coafts, 
and  the  narrownefs  of  this  ftrait  feem  plainly 
to  indicate  it.  By  fuppofing,  fays  Dr.  Wallis, 
“ that  England  formerly  communicated  with 
France,  by  an  ifthmus  between  Dover  and  Ca- 
lais, it  muft  follow  that  the  fea  would  be  car- 
ried againft  both  Tides  of  it  with  great  violence 
by  the  tides  twice  in  every  twenty-four  hours, 
the  German  Ocean,  which  is  between  England 
and  Holland,  ftriking  of  it  on  the  eaftern  fide, 
and  that  of  France  on  the  weft,  would  be  fuffi- 
cient  in  time  to  wear  away  fo  narrow  a neck  of 
land  as  we  have  fuppofed.  The  tides  aéting 
with  great  violence,  not  only  againft  this  ifthmus 
but  alfo  againft  the  coafts  of  France  and  Eng- 
land, muft  have  wafhed  away  a great  quantity  of 
fand,  earth,  and  clay,  from  every  part  againft: 
which  the  fea  was  forced  ; but  being  flopped 
in  its  courfe,  it  would  not  depofit,  as  might  be 
fuppofed,  their  fediments  againft  this  ifthmus, 
but  tranfported  them  into  the  great  plain  that  now 

forms 
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forms  Romney  Mardi,  which  is  eight  miles 
long  by  four  broad  ; for  whofoever  has  feen  this 
plain,  cannot  doubt  but  that  it  was  formerly 
covered  by  the  fea,  as  it  would  be  dill  over- 
flowed by  fpring  tides  if  it  was  not  tor  the 
dikes  of  Dimchurch. 

The  German  Sea  mud  have  a£ted  in  the 
fame  manner  againft  this  ifthmus,  and  the 
coafts  of  England  and  Flanders  would  con- 
vey its  fediments  into  Holland  and  Zealand, 
the  ground  of  which,  though  formerly  covered 
with  water,  is  now  forty  feet  above.  On  the 
coaft  of  England,  the  Getman  Sea  mud  have 
filled  up  that  large  valley,  where  the  river 
Stour  actually  flows  for  more  than  20  miles, 
beginning  at  Sandwich,  palling  Canterbury, 
Chatham,  Chilham,  as  far  asAlhford.  At  this 
place  the  ground  is  much  higher  than  it  was 
formerly,  fince  at  Chatham  the  bones  of  an 
Hippopotamus  was  found  feventeen  feet  deep 
in  the  earth,  together  with  anchors  and  marine 
fliells. 

It  is  very  probable  the  fea  may  form  new 
land,  by  bringing  and  depofiting  at  a particular 
place  fand,  earth,  mud,  &c.  for  in  the  iiland 
of  Orkney,  which  is  adjacent  to  Romney 
Marfh,  there  was  a tra£l  of  low  landcontinually 
VOL.  II.  G g 
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in  danger  of  being  inundated  by  the  river 
Rother  ; but  in  lefs  than  60  years  this  ground 
has  been  confiderably , elevated  by  quantities 
of  earth  and  mud  being  brought  thither  every 
tide,  and  the  channel  through  which  it  enters, 
in  lefs  than  fifty  years  has  deepened  fo  much 
as  to  admit  of  the  reception  of  large  veflels, 
whereas  at  that  time  it  was  a ford  over  which 
people  might  pafs. 

In  this  manner  the  fand  bank  was  formed 
which  extends  obliquely  from  the  coaft  of 
Norfolk  to  that  of  Zealand.  This  bank  forms 
that  part  where  the  tides  of  the  German  and 
French  fea  meet,  fince  the  ifthmus  has  been 
broken,  and  where  the  earth  and  fand  are  depo- 
fited  which  are  wafhed  away  from  the  coafts  ; 
nor  is  it  by  any  means  improbable  but  that  in 
courfe  of  time  this  bank  may  become  an 
ifthmus 

There  is  a great  appearance,  fays  Ray,  that 
the  ifland  of  Great  Britain  was  formerly  joined 
to  France,  and  formed  part  of  that  continent  : 
but  it  is  not  known  whether  its  feparation  was 
caufed  by  an  earthquake,  an  eruption  of  the 
ocean,  or  by  the  labour  of  man  ; but  that  this 

ifland 

* Sec  Abridgment  of  Philofophical  Tranfa&ions,  vol.  II. 
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ifland  formed  part  of  the  continent  is  evident, 
from  the  rocks  and  coafls  of  both  being  of  the 
fame  nature,  compofed  of  the  fame  matters, 
and  exa&ly  of  the  fame  height  ; the  length  of 
the  rocks  along  thefe  coafts  are  alfo  nearly 
the  fame,,  about  fix  miles  on  either  fide.  The 
little  breadth  of  the  channel,  which  in  this 
part  is  not  more  than  twenty-four  Englifh 
miles,  and  its  fhallownefs,  comparatively  with 
the  neighbouring  fea,  is  another  reafon  to 
fuppofe  that  England  has  been  divided  from 
France  by  accident.  We  may  add  to  thefe 
proofs,  that  there  were  formerly  wolves  and 
bears  in  this  ifland  ; it  is  not  to  be  prefumed 
that  they  could  fwim  over,  nor  that  men  tranf- 
ported  fuch  definitive  animals  ; for  in  general 
we  find  the  noxious  animals  of  the  continent  in 
the  adjacent  iflands,  and  never  in  thofe  which 
are  feparated  from  them  by  a great  diftance  ; as 
the  Spaniards  remarked  when  they  landed  in 
America  #. 

In  the  reign  of  Henry  I.  King  of  England, 
a great  inundation  happened  by  an  eruption  of 
the  fea  in  part  of  Flar\ders.  In  1446,  by  a 
like  eruption,  10,000  perfons  were  drowned  in 
the  territory  of  Dordrecht,  and  more  than 
Gg  2 100,000 

* See  Ray’s  Difcourfes,  page  20S. 
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100,000  round  Dullart,  Friezeland,  and  in 
Zealand  In  thefe  laft  two  provinces  upwards 
of  300  villages  were  overflowed  ; the  tops  of 
their  towers  and  fteeples  are  ftill  to  be  feen 
rifing  out  of  the  water. 

From  the  coafts  of  France,  England,  Hol- 
land, and  Germany,  the  fea  has  retreated  in 
many  parts.  Hubert  Thomas  relates,  in  his 
defcription  of  Liege,  that  the  fea  formerly  fur- 
rounded  the  walls  of  the  city  of  Tongres, 
which  is  now  more  than  35  leagues  diftant 
from  it  ; this  he  proves  by  many  eligible  rea- 
fons,  and  among  others  he  fays,  that  in  his 
time  the  iron  rings,  to  which  the  (hips  were 
moored  were  to  be  feen  remaining  in  the 
walls.  We  may  likewife  look  on  as  lands  de- 
ferted  by  the  fea,  the  fens  of  Lincoln,  in  Eng- 
land, Provence,  in  France,  and  which  has  alfo 
very  confiderably  retreated  from  the  mouth  of 
the  Rhone  fince  the  year  1665.  In  Italy  a 
confiderable  tra£l  of  land  has  been  gained  at 
the  mouth  of  the  Arno  ; and  Ravenna,  former- 
ly a fea-port,  is  no  longer  a maritime  town. 
Holland  appears  to  be  an  entire  new  country, 
where  the  furface  of  the  earth  is  almoft  on  a 
level  with  the  fea,  although  the  land  is  confi- 
derably elevated  by  the  daily  depofit  of  mud 

and 
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and  earth  from  the  Rhine,  Maefe,  &c.  for  it 
was  formerly  computed  that  the  ground  of  Hol- 
land was  in  places  50  feet  lower  than  the  bot- 
tom of  the  fea. 

It  is  aflerted,  that  in  the  year  860  a furious 
temped  drove  on  the  coaft  fo  great  a quantity 
of  fand  that  it  Ihut  up  the  mouth  of  the  Rhine, 
near  the  Cat,  and  that  this  river  inundated  the 
whole  country,  tore  up  trees  and  houfes,  and 
at  laft  emptied  itfelf  into  the  channel  of  the 
Maefe.  In  1421  another  inundation  feparated 
the  town  of  Dordrecht  from  the  main  land, 
fubmerged  72  villages,  many  caftles,  and 
drowned  100,000  fouls,  befide  a great  num- 
ber of  cattle.  The  dyke  of  Yflel  was  broken 
in  1638  by  the  ice  brought  down  by  the 
Rhine,  which,  having  ihut  up  the  paflage  of 
the  water,  made  an  opening  of  fome  fathoms, 
and  a great  part  of  the  province  was  over- 
flowed before  the  breach  could  be  repaired. 
In  1682  there  was  a fimilar  inundation  in  the 
province  of  Zealand,  which  deftroyed  upwards 
of  30  villages,  and  drowned  a confiderable 
number  of  people  and  cattle,  from  their  being 
furprifed  by  the  waters  in  the  night.  It  was 
a fortunate  circumftance  for  Holland  that  a 
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foixth  wind  oppofed  the  inroad  of  the  fea,  for 
it  was  fo  greatly  fwelled  that  the  water  was  18 
feet  higher  than  the  higheft  ground  of  the 
province 

At  Hythe,  in  the  county  of  Kent,  the  har- 
bour has  filled  up  in  defiance  of  every  expence 
and  precaution  that  was  made  to  prevent  it. 
A furprifing  number  of  fea-fhells,  &c.  are  met 
with  for  feveral  miles  round,  which  were  for- 
merly heaped  together,  and  which  are  now  co- 
vered by  earth,  and  are  beautiful  meadows. 
On  the  other  fide  the  fea  has  gained  in  feveral 
places,  as  for  infiance,  the  Goodwin  Sands, 
which  was  an  eftate  belonging  to  an  Earl  of 
that  name,  but  at  prefent  is  no  more  than  fand 
covered  by  the  waters  of  the  fea  : thus  the  fea 
in  many  places  gains  on  the  land  and  lofes  in 
others,  according  to  the  different  fituation  of 
the  coafts,  and  other  circumftances  f. 

On  Mount  Stella,  in  Portugal,  is  a lake  in 
which  the  wrecks  of  fliips  have  been  found, 
notwithftanding  .the  mountain  is  more  than  12 
leagues  from  the  fea;£.  Sabinius,  in  his  Com- 
mentaries 

* Sec  the  Hiftorical  Voyages  of  Europe,  vol.  V.  page  70. 

•j*  See  Abriog,  Philofophical  Tranf.  vol.  IV.  p 234. 

J See  Gordon’s  Geography,  page  149, 
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mentarieson  Ovid’s  Metamorphofes,  fays,  that 
in  the  year  1460  a (hip,  with  its  anchors,  was 
found  in  a mine  of  the  Alps. 

It  is  not  in  Europe  alone  we  meet  with  thefe 
viciflitudes  of  land  into  fea  and  fea  into  land, 
other  parts  of  the  world  might  furnifh  more 
remarkable,  and  in  a greater  number,  if  invef- 
tigated  with  precifion. 

Calecut  was  formerly  a famous  city  and  the 
capital  of  a kingdom  of  that  name  ; at  prefent 
it  is  only  a trifling  town,  meanly  built,  and  but 
thinly  inhabited  : the  fea,  which  fora  century 
has  gained  greatly  on  this  coaft,  has  overflow- 
ed the  greatefl:  part  of  the  old  city,  with  a beau- 
tiful fortrefs  of  ftone  which  was  therein.  Vef- 
fels  at  prefent  moor  on  their  ruins,  and  the  port 
is  filled  with  a great  number  of  fhoals,  and  on 
which  fhips  are  frequently  wrecked  #. 

The  province  of  Jucatan,  a peninfula  in  the 
gulph  of  Mexico,  was  formerly  a part  of  the 
fea.  This  neck  of  ground  extends  100  leagues 
in  length,  and  is  not  more  than  25  leagues  at 
its  greatefl:  breadth.  The  air  is  perfectly  hot 
and  moift.  Although  there  are  neither  rivulets 
nor  rivers  throughout  fo  long  a fpace,  the  water 
is  every  where  fo  nigh  the  furfaceas  to  furnifh 

plenty  ; 

* See  Lettres  Edifiantes  Recueil  1 1,  page  187. 
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plenty  ; and  by  opening  the  earth  fo  great  a 
number  of  {hells  are  found,  as  to  leave  no  doubt 
that  this  great  extent  may  be  regarded  as  a place 
which  formerly  was  part  of  the  fea. 

The  inhabitants  of  Malabar  pretend  that 
formerly  the  Maldivian  iflands  were  attached 
to  the  Indian  continent,  and  that  the  violence 
of  the  fea  has  divided  them  from  it.  The  num- 
ber of  thefe  iflands  is  fo  great,  and  fome  of 
the  channels  which  feparate  them  are  fo  nar- 
row, that  the  boltfprits  of  veflels  which  pafs 
them  tear  off  the  leaves  of  the  trees  on  each 
fide,  and  in  fome  places  an  a&ive  man,  by 
holding  by  the  branch  of  a tree,  may  leap  into 
another  ifland 

The  cocoa-trees,  which  are  at  the  bottom  of 
the  fea,  is  a proof  that  the  Maldivians  were 
formerly  part  of  the  continent:  cocoa-nuts  are 
often  detached  from  them  and  thrown  on  the 
fliore  by  a ftorm. 

It  is  imagined  that  the  ifland  of  Ceylon  was 
formerly  united  to  the  continent,  and  that  the 
currents,  which  are  extremely  rapid  in  many 
parts  of  I ndia,  have  divided  that  as  well  as  Ram- 
manakoil,  and  many  other  iflands  t.  How- 
ever,. 

* See  the  Dutch  Travels  to  the  Eaft-Indies,  page  274. 

f See  the  Dutch  Travels  to  the  Eaft-lndies,  vol.  II.  p.  485. 
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ever,  it  is  certain  that  the  ifland  of  Ceylon  has 
loft  30  or  40  leagues  of  ground  towards  the 
north- weft  fide,  which  the  fea  has  gained. 

It  appears  that  the  fea  has  recently  forfaken 
a great  part  of  the  projecting  lands  and  iflands 
of  America.  We  have  juft  obferved,  that  the 
ground  of  Jucatan  is  filled  with  fhells.  It  is 
the  fame  with  the  low  lands  of  Martinico  and 
the  other  Antille  iflands.  The  inhabitants 
have  termed  the  earth  below  the  furface  lime> 
becaufe  they  make  their  lime  with  thefe  fhells, 
confiderable  banks  of  which  are  found  imme- 
diately under  the  vegetable  earth.  In  the  new 
voyages  to  the  iflands  of  America  it  is  faid, 
“ lime,  which  is  found  in  the  land  of  Guada- 
loupe,  when  the  earth  is  turned  up,  is  of  the 
fame  kind  as  that  drawn  out  of  the  fea,  the 
reafon  of  which  is  difficult  to  be  affigned. 
Might  it  not  be  poflible  that  all  the  extent  of 
ground  which  compofes  this  ifland  was,  in 
former  times,  only  a high  ground  filled  with 
lime-plants,  which  having  grown  and  filled  the 
void  fpaces  that  were  occupied  by  the  water, 
have  raifed  up  the  ground,  obliged  the  water 
to  retire,  and  leave  all  the  fuperficies  dry  ? 
This  conjedlure,  as  extraordinary  as  at  firft  it 
may  appear,  has,  neverthelefs  nothing  im- 
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poflïble  in  it  ; and  if  the  people  who  refide 
there  were  to  dig  in  different  parts  of  the 
earth  they  would  difcover  what  the  real  foil  is* 
and  by  that  means  deftroy  or  ftrengthen  my 
conjeflure.” 

There  are  fome  lands  which  are  fometimes 
covered  with  water  and  fometimes  uncovered, 
as  many  iflands  in  Norway,  Scotland,  Mal- 
dives, the  gulph  of  Cambaya,  &c.  The 
Baltic  has,  by  little  and  little,  gained  a great 
part  of  Pomerania,  and  covered  and  deftroyed 
the  famous  port  of  Vineta.  So  likewife  the 
fea  of  Norway  has  projected  into  the  conti- 
nent, and  formed  many  fmall  iflands.  The 
German  Sea  has  proje&ed  into  Holland  near 
Catt,  infomuch  that  the  ruins  of  an  ancient 
citadel  of  the  Romans,  which  was  formerly 
on  the  coaft,  are  now  very  far  in  the  fea. 
The  marlhy  grounds  in  the  Ifle  of  Ely,  in 
England,  and  thofe  in  Provence,  in  France, 
are,  on  the  contrary,  as  we  have  obferved, 
land  which  the  fea  has  abandoned.  Downs 
have  been  formed  by  the  fea-winds,  which 
have  thrown  and  accumulated  earth,  fand, 
jfhells,  &c.  on  the  fhore.  For  example,  on  the 
weflern  coaft  of  France,  Spain,  and  Africa, 
durable  and  violent  wefterly  winds  reign, 
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which  impel  the  waters  toward  the  Ihore  with 
great  impetuofity,  and  on  which  coafts  downs 
are  very  frequent.  In  the  like  manner  the 
eafterly  winds,  when  they  remain  any  long 
time,  fo  ftrongly  drive  the  waters  from  the 
coafts  of  Syria  and  Phoenicia  that  the  chain  of 
rocks,  which  are  covered  with  water  during 
the  wefterly  winds,  are  left  quite  dry.  Thus 
downs  are  never  compofed  of  ftone  or  marble, 
like  mountains  formed  in  the  bottom  of  the 
fea,  becaufe  they  have  not  been  long  enough 
under  the  water.  In  our  difcourfe  on  minerals 
we  {hall  fee  that  the  fea  polleftes  the  power 
of  petrifaétion,  and  that  the  ftones  formed  in 
the  earth  are  quite  different  from  thofe  formed 
in  the  fea. 

When  I had  juft  finifhed  my  Theory  of  the 
Earth,  which  I compofed  in  1744,  I received 
from  Monf.  Barrere,  his  differtation  on  the 
origin  of  figured  ftones,  and  I was  pleafed  to 
find  myfelf  of  the  fame  opinion  with  this  able 
naturalift,  on  the  fubjeét  of  the  formation  of 
downs,  and  the  time  the  water  remained 
on  the  earth  which  we  inhabit,  he  recounts 
many  alterations  which  have  happened  to  the 
fea  coafts:  “ Aiguis-mortesy  which  is  now  more 
than  a league  and  a half  from  the  fea,  was 
H h 2 a port 
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a port  in  the  time  of  St.  Louis  : Pfalmodi  was 
an  ifland  in  8 15, and  at  prefent  it  is  inland  tv/o 
leagues  from  the  fea.  It  is  the  fame  with 
refpe£l  to  Maguelone.  The  greateft  part  of 
the  vineyards  of  Adge,  was  forty  years  ago 
covered  by  the  fea  : and  in  Spain  the  fea  has 
confiderably  retreated  within  a fhort  fpace  of 
time  from  Blancs,  Badalona,  the  mouth  of  the 
river  Vobregat,  Cape  Tortofa,  along  the  coafts 
of  Valentia,  &c. 

“ The  fea  may  form  hills  and  mountains  in 
many  different  manners  ; firft,  by  the  tranf- 
portations  of  earth,  fand,  and  fhells,  from  one 
place  to  another  ; fecondly,  by  depofiting  fedi- 
ments,  confiding  of  fmall  particles  detached 
from  the  coafts  and  bottom,  and  which  it 
might  have  tranfported  from  a confiderable 
diftance  ; and  laftly,  by  fand,  mud,  and  other 
articles,  which  the  fea  winds  often  drive 
againft  coafts,  downs  and  hills  may  be  pro- 
duced, which  the  water  forfaking  by  degrees 
become  parts  of  the  continent.”  The  downs 
of  Flanders  and  Holland  are  of  this  kind, 
being  only  hills  compofed  of  fand  and  fhells, 
which  the  fea  winds  have  driven  towards  the 
land.  Monf.  Barrere  quotes  another  example 
which  merits  a place  in  this  work.  “ The 
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fea  by  its  motion,  detaches  from  its  bottom 
an  infinity  of  plants,  fhells,  {lime,  and  fand, 
which  the  waves  and  winds  continually  drive 
towards  the  {hore.  Now  all  thefe  different 
operations  muft  continually  form  new  ftrata, 
elevate  the  beds  of  earth,  gradually  raifing 
downs  and  hills,  retrenching  the  bounds  of  the 
ocean,  and  by  that  means  extending  the  lands 
on  the  continents. ” 

u It  is  vifibie  that  new  ftrata  have  been  fuc- 
ceflively  formed  by  the  fame  reiterated  motion 
of  the  waters  from  the  depofition  of  fediments 
and  other  confiant  caufes  from  time  immemo- 
rial ; of  which  I find  ftrong  proofs  in  the  diffe- 
rent beds  of  foflils,  (hells,  and  other  marine  pro- 
ductions found  in  Roullillon,  near  the  village 
of  Naffiac,  about  feven  or  eight  leagues  from 
the  fea  ; thefe  beds  of  {hells,  which  are  inclined 
from  the  weft  to  the  eaft,  and  in  different  angles, 
are  feparated  from  each  other  by  banks  of  fand 
and  earth,  are  fometimes  from  one  and  a half 
to  two  or  three  feet  in  thicknefs.  They  ap- 
pear as  if  fprinkled  with  fait  in  dry  weather, 
and  form  together  hillocks  from  twenty-five  to 
thirty  fathoms  in  height  ; now  a long  chain 
of  hills  of  fuch  an  height  can  only  be  formed 
gradually,  and  at  different  fucceftions  of  time. 

Such 
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Such  might  be  the  effect  of  an  universal  deluge, 
which  rnuft  have  difturbed  ail  nature  ; but 
which  could  not  have  given  a regular  form  to 
thefe  different  beds  of  foffil  fhells,  but  would 
have  jumbled  them  together  without  any  order 
or  regularity.” 

On  this  ftibjeél  I am  perfectly  of  the  fame 
©pinion  as  M.  Barrere,  excepting  as  to  the 
formation  of  mountains,  which  I cannot  agree 
ought  to  be  entirely  attributed  to  the  caufes 
which  occafion  the  ocean  to  gain  upon  the 
land  on  fome  parts,  and  lofe  it  upon  others. 
As  I am,  on  the  contrary,  of  opinion,  I could 
produce  many  convincing  arguments  to  prove 
that  mod  of  the  eminences  feen  on  the  furface 
of  the  earth  have  been  actually  formed  in  the 
fea  itfelf.  Firft,  becaufe  they  have  a corre- 
fpondence  of  faliant  and  returning  angles, 
which  neceffarily  implies  the  caufe  we  have 
affigned,  that  is,  the  motion  of  the  currents. 
Secondly,  becaufe  downs  and  hills,  which  are 
formed  by  the  materials  that  the  fea  brings  on 
its  fhores,  are  not  compofed  of  marble  and 
hard  (tone  like  common  hills  ; the  fhells  alfo 
in  the  former  are  generally  only  foffils,  whereas 
in  the  latter  the  petrification  is  complete  ; be- 
fides  the  beds  of  earth,  are  not  fo  horizontal 


m 


NATURAL  HISTORY. 


239 


in  downs  as  in  the  hills  compofed  of  marble 
and  hard  (tone,  but  are  more  or  lefs  inclined,  as 
in  the  hills  of  Naffiac,  whereas  in  the  hills 
and  mountains  formed  under  the  water  by  the 
fediment  of  the  fea,  the  ftrata  are  always  paral- 
lel, and  very  often  horizontal,  and  the  fhells 
and  other  marble  are  entirely  petrified.  I 
have  no  doubt  of  proving  that  marble  and  other 
calcinable  matters,  which  are  almoft  all  com- 
pofed of  madrepores,  aftroites,  and  (hells,  have 
acquired  their  hardnefs  and  perfection  at  the 
bottom  of  the  fea  ; on  the  contrary,  gravel, 
foft  (tones,  incruftations,  ftalaCtites,  &c.  which 
are  alfo  calcinable  and  found  in  the  earth, 
and  formed  fince  our  continent  has  been  dif- 
covered,  cannot  acquire  this  degree  of  hard- 
nefs and  petrifaction  which  marble  or  hard 
(tones  have. 

In  the  hiftory  of  the  French  Academy  for 
1708,  may  be  feen  the  obfervations  of  Saul- 
mon,  on  the  fubjeCt  of  the  galets  found  in  many 
places.  Thefe  galets  are  round  and  flat  flints 
very  fmooth,  and  which  are  caft  on  the  fhores 
by  the  fea.  At  Bayeux,  arçdat  Prutel,  which  are 
a league  from  the  fea,  we  find  them  in  digging 
wells  or  pits.  The  mountains  of  Bonneuil, 
Broie,  and  Quefny,  which  are  eighteen  leagues 
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from  the  fea,  are  all  covered  with  galets  ; they 
are  alfo  found  in  the  valley  of  Clermont  in 
Beauyois.  M.  Saulmon  likewife  relates,  that 
a hole,  1 6 feet  deep,  was  bored  horizontally 
into  the  beach  of  Trefport,  which  is  foft  earth, 
and  that  it  entirely  difappeared  in  30  years:  fo 
that  if  the  fea  always  encroached  alike,  it  would 
gain  half  a league  in  12,000  years. 

The  motions  of  the  fea  are  therefore  the 
principal  caufes  of  the  alterations  which  have 
happened,  and  which  daily  happen  on  the  fur- 
face  of  the  globe.  But  there  are  many  other 
caufes,  which  though  lefs  confiderable,  contri- 
bute to  thofe  changes.  Running  waters,  ri- 
vers, ftreams,  the  melting  of  fnow,  torrents, 
frofts,  &c.  have  occafioned  many  changes  ; 
the  rains  have  diminilhed  the  height  of  moun- 
tains ; rivers  and  rivulets  have  raifed  plains,  and 
flopped  up  the  fea  at  their  mouths  ; the  melting 
of  fnow,  and  torrents,  have  dug  hollows  in 
vallies  ; and  the  frofts  have  fplit  rocks  and  fe- 
parated  them  from  their  former  dations.  We 
might  quote  an  infinity  of  examples  on  the 
alterations  thefe  caufes  have  occafioned.  Va- 
renius  fays,  that  rivers  convey  into  the  fea 
great  quantities  of  earth,  which  they  depofit  at 
a greater  or  lefs  diftance  from  the  coafts,  ac- 
cording 
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cording  to  the  rapidity  of  the  currents  ; thefe 
earths  fall  to  the  bottom  of  the  fea,  and  at  firft 
form  thofe  fmall  banks  which  daily  encreafe, 
become  fhoals,  and  at  laft  form  iflands,  which 
are  fertile  and  inhabitable.  This  is  the  manner 
in  which  the  iflands  of  the  Nile  are  formed,  as 
well  as  thofe  of  St.  Lawrence,  the  Ifle  ofLanda, 
fituate  on  the  coaft  of  Africa,  near  the  mouth  of 
the  river  Coanza,  the  ifland  of  Norway,  &c.  * 
To  thefe  may  be  added  the  ifland  of  Trong 
Ming,  at  China,  which  has  been  gradually 
formed  by  the  earth  that  the  river  Nankin  has 
brought  and  depofited  at  its  mouth.  This 
ifland  is  more  than  20  leagues  long  by  five  or 
fix  broad  t. 

The  Po,  Trento,  Athefis,  and  other  rivers 
of  Italy,  bring  with  them  great  quantities  of 
earths  into  the  lakes  of  Venice,  efpecially  dur- 
ing the  time  of  inundations,  which  in  courfe 
of  time  muft  fill  them  up.  In  many  places 
they  are  now  dry  at  low  water,  and  excepting 
the  canals,  which  are  kept  up  at  a great  ex- 
pence, they  have  no  depth  of  water. 

At  the  mouths  of  the  Nile,  the  Ganges,  the 
Indus,  the  Plata,  the  Nankin,  and  of  many 
VOL.  11.  I i other 

* See  Varennî  Geograph,  page  214. 
f See  Lettres  Edifiantes,  Recueil  xi.  page  2^4. 
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other  rivers,  the  earth  and  fand  depolited  form 
confiderable  banks.  Loubere,  in  his  voyage  to 
Siam,  fays,  that  the  banks  of  fand  and  earth 
daily  increafe  at  the  mouths  of  the  great  rivers 
of  Afia,  infomuch  that  the  navigation  of  them 
becomes  every  day  more  difficult,  and  will  one 
day  be  impaflable.  The  fame  remark  may  be 
made  of  the  large  rivers  of  Europe,  and  parti- 
cularly of  the  Wolga,  which  has  more  than  70 
mouths  in  the  Cafpian  Sea,  and  of  the  Danube, 
which  has  feven  in  the  Black  Sea,  &c. 

As  it  feldom  rains  in  Egypt,  the  regular 
inundations  of  the  Nile  proceed  from  the  tor- 
rents which  fall  therein  from  Ethiopia.  Thefe 
annually  bring  with  them  great  quantities  of 
mud,  which  they  not  only  depofit  on  the  land 
of  Egypt,  but  even  throw  to  a confiderable 
diftance  in  the  fea,  and  thus  laying  the  foun- 
dation of  a new  land,  which  in  the  courfe  of 
time  arifes  therefrom  ; for  by  founding  with 
the  lead  we  find,  at  more  than  20  leagues 
diftance  from  the  coaft,  the  mud  of  the  Nile 
at  the  bottom  of  the  fea,  and  which  is  every 
year  increafing.  Lower  Egypt,  where  * Delà 
at  prefent  ftands,  was  formerly  a gulph  of  the 

fea. 

* See  Diodorus  dc  Sue,  lib.  3.  Ariftotle,  lib.  1,  of  Meteors, 
ch  xiv.  Herodotus,  f.  4,  5,  &c. 
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fea.  Homer  tells  us  that  the  ifland  of  Pharos 
was  24  hours  voyage  from  Egypt,  and  at  pre- 
fent  it  is  almoft  contiguous  to  it.  The  foil  of 
Egypt  has  not  the  fame  depth  of  good  ground 
throughout  its  extent,  it  leifens  as  we  approach 
the  fea.  Near  the  borders  of  the  Nile  there  is 
fometimes  near  30  feet  depth  of  good  earth, 
whereas  at  the  extremity  of  the  inundation 
there  is  fcarcely  more  than  feven  inches 
The  town  of  Damietta,  at  prefent  more  than 
10  miles  from  the  fea,  in  1243  was  a fea-p°rt. 
The  town  of  Fooah,  which,  300  years  ago, 
was  fituate  at  the  mouth  of  the  Canopic,  a 
branch  of  the  Nile,  is  now  more  than  feven 
leagues  from  it.  Within  40  years  the  fea  has 
retreated  half  a league  from  before  Rofetto 
and  Idem. 

The  great  rivers  of  America,  and  even 
thofe  which  have  been  but  lately  difcovered, 
have  fuffered  great  alterations  at  their  mouths. 
Charlevoix,  fpeaking  of  the  river  MifTiffippi, 
fays,  that  at  its  mouth,  below  New  Orleans, 
the  country  forms  a point  of  land  which  does 
not  appear  to  be  very  ancient,  for  by  digging 
but  a little  into  the  earth  water  is  met  with  ; 
befides  the  quantity  of  fmall  iflands  which 
I i 2 have 

* See  Shaw’s  Travels,  vol.II.page  185,  and  186. 
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have  recently  been  formed  at  all  the  mouths  of 
this  river,  leaves  no  doubt  of  this  neck  of  land 
being  formed  after  the  fame  manner.  It  ap- 
pears certain,  fays  he,  that  when  M.  de  la 
Salle  went  down  the  Mifliflippi  to  the  fea,  the 
mouth  of  this  river  was  not  as  it  Is  at  this  pre- 
fent  time. 

“ The  nearer  we  approach  towards  the  fea, 
adds  he,  the  more  it  becomes  perceptible,  the 
bar  has  fcarcely  any  water  in  moft  of  the 
fmall  outlets  which  the  river  has  opened,  and 
which  have  multiplied  fo  greatly  from  the 
trees  that  are  carried  along  with  the  cur- 
rents, one  of  which  ftopt  in  a part  where  it  is 
{hallow,  will  entangle  hundreds.  I have  feen, 
continues  he,  200  leagues  from  New  Or- 
leans, colle&ions  of  trees,  one  of  which  would 
have  filled  all  the  timber-yards  of  Paris. 
Nothing  can  fet  them  free  ; the  mud  which 
the  river  brings  down  ferves  to  cement,  and 
by  degrees  covers  them.  Each  inundation 
leaves  a new  ftratum,  and  after  ten  years 
fhrubs  and  vegetables  grow  thereon  : after  this 
manner  moft  points  and  iflands  are  formed, 
whic}i  fo  often  change  the  courfe  of  rivers*.” 

Neverthelefs 

* See  Charlevoix  Travels,  vol.  II.  page  440. 
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Neverthelefs  all  the  changes  which  rivers 
caufe  are  very  flow,  and  become  not  coniider- 
able  till  after  a feries  of  years  ; but  quick  and 
fudden  changes  have  happened  by  inunda- 
tions and  earthquakes.  The  ancient  Egyptian 
priefts,  600  years  before  the  birth  oi  Chrift, 
aflerted,  according  to  the  Timaeus  of  Flato, 
that  there  was  a great  ifland  near  Hercules’s 
Pillars,  called  Atlantis , which  was  larger 
than  Lybia  and  Afia  taken  together  ; and 
that  this  ifland  was  buried  under  the  waters 
of  the  ocean  after  a great  earthquake.  “ Tra- 
ditur  Athenienlis  civitas  reftitifle  dim  innu- 
ineris  hoftium  copiis  quæ,  ex  Atlantico  mari 
profedæ,  propè  cun&am  Europam  Afiarrique 
obfederunt  ; tunc  eniin  fretum  illud  navigabile 
habens  in  ore  et  quafi  veftibulo  ejus  inlulam 
quam  Herculis  columnas  cognominant  , rer- 
turque  infula  ilia  Lybiâ  fimul  et  Afia  Major 
fuilfe,  per  quam  ad  alias  proximas  infulas 
patebat  aditus,  atque  ex  infulis  ad  omntm 
continentem  è confpe&u  jacentem  vero  mari 
vicinam  : fed  intrà  os  ipfum  port  us  augufto 
finu  traditur,  pdagus  illud  verum  mare,  terra 
quoque  ilia  verè  erat  continens,  &c.  Port 
hxc  ingenti  terræ  motu  jugique  diei  unius  et 
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noCiis  illuvione  faCtum  eft,  ut  terra  dehifcens 
omnes  illos  bellicofos  abforberet,  et  Atlantis 
infula  fub  vaftogurgite  mergeretur.”  Plato  in 
Timaeo.  This  ancient  tradition  is  not  abfo- 
lutely  contrary  to  all  probability.  The  earths 
which  were  abforbed  by  the  waters  are  perhaps 
thofe  which  join  Ireland  to  the  Azores,  and 
thofe  to  the  continent  of  America  ; for  in 
Ireland,  there  are  the  fame  foffils,  (hells,  and 
marine  productions  as  in  America,  fome  of 
which  are  different  from  any  found  in  other 
parts  of  Europe. 

Eufebius  relates  two  teftimonies  on  the  fub- 
jeCt  of  deluges  : one  of  which  is  Melo,  who 
fays  that  the  plains  of  Syria  had  formerly  been 
laid  under  water  ; the  other  is  Abydenus,  who 
fays,  that  in  the  time  of  King  Sifithrus  there 
was  a great  deluge  which  had  been  predicted 
by  Saturnus,  Plutarch  De  Solejlia  Animalium , 
Ovid,  and  other  mythologifts,  fpeak  of  the 
deluge  of  Deucalion,  which  according  to  them 
was  in  Theflaly,  about  700  years  from  the 
univerfal  deluge.  It  is  alfo  aflerted  that  there 
had  been  one  more  ancient  in  Attica,  in  the 
time  of  Ogiges,  about  230  years  before  that  of 
Deucalion. 
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In  the  year  1095  therewasa  deluge  in  Syria, 
which  drowned  a number  of  people  I n 1 1 64 
there  was  fo  confiderable  a one  in  Friezeland, 
that  all  the  maritime  coafts  were  covered,  and 
feveral  thoufands  of  the  inhabitants  drowned  t. 
In  ]2i8  there  was  another  inundation  which 
deftroyed  near  an  hundred  thoufand  people. 
There  are  a multitude  of  other  examples  of 
great  inundations,  like  that  of  1604  in  Eng- 
land, and  many  more. 

A third  caufe  of  the  change  on  the  furface  of 
the  globe  are  impetuous  winds  : they  not  only 
form  downs  and  hills  on  the  fea  (bores,  but  they 
often  flop  and  choak  up  rivers,  and  change 
their  directions  ; they  tear  up  cultivated  land, 
deftroy  trees,  overthrow  edifices,  and  cover  en- 
tire countries  with  fand.  We  have  an  example 
of  thefe  inundations  of  fand  on  the  coafts  of 
Britany  in  France  : the  hlftory  of  the  Royal 
Academy  at  Paris,  anno  1722,  makes  mention 
of  it  in  the  following  terms  : 

“ In  the  environs  of  St.  Paul  de  Leon,  in 
Lower  Britany,  there  is  a quarter  near  the  fea, 
which  before  the  year  1666  was  inhabited, 
but  is  fo  no  longer,  by  reafon  of  a fand  which 

covers 
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covers  it  to  the  height  of  more  than  twenty 
feet,  and  which  gains  ground  every  year. 
Reckoning  from  that  time  in  has  proceeded 
upwards  of  fix  leagues  into  the  country,  and 
is  now  not  more  than  about  half  a league 
from  St.  Paul,  fo  that  according  to  all  appear- 
ance that  town  mu  ft  foon  be  deferted.  The 
tops  of  fome  fteeples  and  chimnies  are  ftili 
feen  peeping  out  of  this  fea  of  fand  ; the  inha- 
bitants of  the  interred  villages  have  always 
had  fufficient  time  to  quit  their  houfes  in 
fafety. 

“ An  eaft  or  north  wind  increafes  this  ca- 
lamity, by  raifing  up  a fand  of  a very  fine 
nature,  which  fweeps  it  away  in  fuch  great 
quantities,  and  with  fuch  velocity,  that  M. 
Deflaiides,  to  whom  the  academy  are  indebted 
for  this  obfervation,  when  walking  in  that 
country  during  an  eaft  wind,  was  obliged  from 
time  to  time  to  wipe  it  off  his  hat  and  cloaths, 
they  were  fo  loaded  with  fand,  and  felt  fo 
heavy.  Befides,  when  this  wind  is  violent,  it 
throws  this  fand  over  a fmall  arm  of  the  fea 
into  Rofcof,  a fmall  port  much  frequented  by 
foreign  veffels  ; the  fand  colle&s  in  the  ftreets 
to  the  height  of  two  feet,  and  the  inhabitants 
are  obliged  to  have  it  carted  away.  There  are 
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many  ferruginous  particles  in  this  fand,  which 
are  eafily  difcovered  by  a magnet. 

The  coaft  which  furnifhes  this  fand  extends 
from  St.  Paul  as  far  as  Plouefoat,  fomewhat 
more  than  four  leagues.  The  difpofition  of 
the  place  is  fuch  that  only  the  eaft  or  the  north- 
eaft  wind  can  convey  the  fand  over  the  lands. 
It  is  eafy  to  be  conceived  how  the  fand,  con- 
veyed and  accumulated  by  the  wind  in  one 
part,  can  again  be  taken  up  by  the  fame  wind 
and  carried  farther,  and  that  the  fand  can  thus 
advance  into  and  cover  the  country  while  the 
mine  which  furnifhes  it  continues  unexhauft- 
ed  ; for  without  this  the  fand,  by  advancing, 
would  always  diminifh  in  height,  and  would 
ceafe  its  definitive  ravages.  Now  it  is  but 
too  poflible  that  the  fea  throws  up  or  depofits 
new  fand  in  the  place  from  whence  the  wind 
raifes  it  up,  and  therefore  the  dreadful  effects 
may  long  continue. 

“ The  difafter  is  but  of  modern  date, 
pofiibly  the  fhoal  which  furnifhes  it  has  not 
yet  a fufficient  quantity  to  lift  itfelf  above  the 
furface  of  the  fea,  or  perhaps  the  fea  has  but 
juft  left  it  uncovered.  There  has  been  fome 
alteration  on  the  coaft,  and  the  fea  at  prefent 
vol.  ii.  K k reaches 
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reaches,  at  high  water,  half  a league  beyond 
certain  rocks  that  formerly  it  never  paffed. 

“ This  unhappy  province  juftifies  what  the 
ancient  and  modern  travellers  relate  concerning 
the  tempefts  of  fand  in  the  deferts  of  Arabia,  in 
which  cities  and  armies  have  been  enveloped 
and  deftroyed.” 

Mr.  Shaw  tells  us  that  the  ports  of  Laodicea, 
Jebila,  Tortofa,  Rowada,  Tripoli,  Tyre,  Acra, 
and  Jaffa,  are  all  filled  up  with  fand  brought 
thither  by  the  great  waves  which  beat  on  that 
fide  of  the  Mediterranean  when  the  weft  wind 
blows  impetuoufly  #. 

It  is  ufelefs  to  give  a greater  number  of  ex- 
amples of  the  alterations  that  have  happened 
On  the  furface  of  the  globe.  Fire,  air,  and 
water,  produce  continual  changes,  which  be- 
come very  confiderable  by  time.  It  is  not 
from  general  caufes  alone,  whofe  effects  are 
periodical  and  regular,  that  the  fea  fucceftively 
takes  the  place  of  the  earth  and  forfakes  its 
own  dominions.  There  are  a number  of  par- 
ticular caufes  which  contribute  to  thefe  muta- 
tions, fuch  as  earthquakes,  inundations,  finking 
of  mountains,  &c.  Thus  the  moft  folid  thing, 

at 
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at  leaft  to  our  conception,  like  the  reft  of  na- 
ture, undergoes  continual  and  perpetual  vicif- 
fitudes. 


CONCLUSION 

OF  THE 

THEORY  OF  THE  EARTH 


T3  Y the  proofs  we  have  given  in  Articles 
vu.  and  vin.  it  appears  certain  that  the 
whole  of  the  prefent  dry  land  was  formerly  co- 
vered by  the  fea.  It  appears  alfo  as  certain, 
from  Article  xii,  that  the  flux  and  reflux,  and 
other  motions  of  the  ocean,  continually  detach, 
from  the  fide  and  the  bottom  of  the  fea,  {hells 
ÎÇ  k 2 and 
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and  matters  of  every  kind,  fome  part  of  which 
are  depofited  in  other  places  in  form  of  fedi- 
ments, and  which  are  the  origin  of  the  parallel 
and  horizontal  ftrata  every  where  to  be  met 
with.  We  have  proved  in  Article  ix.  that  the 
inequalities  of  the  globe  have  been  caufed  by 
the  motion  of  the  fea,  and  that  mountains  have 
been  produced  by  the  fucceflive  mafles  and 
heapings  of  the  fediments  we  have  juft  de- 
ferred. It  is  evident,  by  Article  xm.  that  the 
currents,  which  at  firft  followed  the  direction 
of  thefe  inequalities,  afterwards  gave  to  them 
all  the  figure  which  they  at  prefent  preferve  ; 
that  is,  that  alternate  correfpondence  of  the 
faliant  angles  always  oppofed  to  the  returning 
angles.  It  appears  likewife  by  Articles  vm. 
and  xviii.  that  the  greateft  part  of  the  matters 
which  the  fea  has  detached  from  its  fides  and 
bottom  were,  when  depofited  as  fediments,  in 
form  of  a fine  impalpable  powder,  which  per- 
fectly filled  the  cavities  of  the  fhells,  whether 
it  was  of  the  fame  nature  or  only  analogous  to 
that  with  which  they  were  compofed.  It  is 
certain,  from  Article  x vii.  that  the  horizontal 
ftrata  which  have  been  produced  by  the  accu- 
mulation of  fediments,  and  which  at  firft  were 
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in  a foft  ftate,  acquired  hardnefs  in  proportion 
as  they  became  dry,  and  that  this  drying  has 
produced  perpendicular  clefts,  which  crofs  the 
horizontal  ftrata. 

It  is  impoffible  to  doubt,  after  perufmg  the 
fads  in  the  Articles  x xi.  xiv.  xv.  xvi. 
xvii.  xviii.  and  xix.that  an  infinite  number  of 
revolutions,  particular  changes  and  alterations, 
have  happened  on  the  furface  of  the  globe,  as 
well  from  the  natural  motion  of  the  waters  of 
the  fea  as  by  the  effects  of  rain,  froft,  running 
waters,  winds,  fubterraneous  fires,  earthquakes, 
inundations,  &c.  and  that  confequently  the  fea 
has  alternately  changed  places  with  the  earth, 
efpecially  in  the  earlieft  times  after  the  creation, 
when  the  terreflrial  matters  were  much  fofter 
than  they  are  at  prefent.  It  muft  neverthelefs 
be  acknowledged,  that  we  can  but  very  im- 
perfectly judge  of  the  fucceffion  of  natural 
revolutions  ; that  we  can  ftill  lefs  judge  of  the 
caufe  of  accidents,  changes,  and  alterations  ; 
that  the  defeCl  of  hiftorical  monuments  de- 
prives us  of  the  knowledge  of  particular  faCts, 
and  experience  and  time  is  deficient  to  us# 
We  do  not  pay  any  confideration  that,  though 
the  time  of  ourexiftence  is  very  limited,  nature 
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proceeds  in  her  regular  courfe.  We  would 
condenfe  into  our  momentary  exiftence  the 
tranfaclions  of  ages  paft  and  to  come,  without 
refle&ing  that  this  inftant  of  time,  nay  even 
human  life  itfelf,  is  only  a fingle  fa£t  it)  the 
hillory  of  the  a£ls  of  the  Almighty. 


HISTORY 


NATURAL  HISTORY# 


*55 


HISTORY  OF  ANIMALS. 


CHAPTER  I. 


A COMPARISON  BETWEEN  ANIMALS,  VEGETABLES, 
AND  OTHER  PRODUCTIONS  OF  NATURE. 


MIDST  the  infinite  number  of  objefls 


that  offer  themfelves  to  our  view,  and  with 
which  the  furface  of  the  earth  is  every  where 
covered,  Animals  hold  the  firft  rank,  both  on 
account  of  their  formation,  and  their  evident 
fuperiority  over  vegetables  and  other  matters. 
Animals,  by  their  fenfes,  form,  motion,  and 
many  other  properties,  have  a more  intimate 
connexion  with  thofe  things  which  furround 
them  than  vegetables  ; and  the  latter,  by 
their  figure,  growth,  and  variety  of  component 
parts,  have  alfo  a nearer  relation  with  external 
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objeCts,  than  either  minerals  or  {tones,  which 
have  not  any  kind  of  life  or  motion.  By  this 
number  of  properties  it  is,  that  the  animal 
claims  pre-eminence  over  the  vegetable,  and 
the  vegetable  over  the  mineral.  Man,  to  con- 
fider  him  by  his  material  form  alone,  is  only 
fuperior  to  the  brute  creation  by  pofieffing 
fome  few  peculiar  properties,  fuch  as  thofe 
given  to  him  by  his  tongue  and  hands  ; and  al- 
though the  works  of  the  Creator  are  in  them- 
felves  equally  perfeCt,  the  animal,  according 
to  our  mode  of  perception,  is  the  mod  com- 
plete, and  man  the  mod  perfeCt  animal. 

What  variety  of  fprings,  what  forces,  and 
what  mechanical  motions  are  enclofed  in  this 
fmall  part  of  matter  which  compofes  the  body 
of  an  animal  ? What  properties,  what  har- 
mony, and  what  correfpondence  between  the 
various  parts  ? How  many  combinations,  ar- 
rangements, caufes,  effeCts,  and  principles, 
confpire  to  complete  one  end,  and  which  we 
know  only  to  be  refults  fo  very  difficult  to 
comprehend,  that  they  only  ceafe  from  being 
marvellous  by  the  long  cuflom  of  not  reflecting 
on  them. 

Neverthelefs,  however  admirable  this  work 
appears,  it  is  not  the  individual  that  is  the  mod 
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wonderful  ; but  it  is  in  the  fuccefiion,  repro- 
duction, and  duration  of  fpecies,  that  nature 
becomes  inconceivable.  This  faculty  of  re- 
production, which  refides  alone  in  animals  and 
vegetables;  this  kind  of  unity  always  fubfifting, 
and  feemingly  eternal  ; this  procreative  power, 
which  perpetually  exercifes  itfelf  without  being 
deftroyed,  is  a myftery,  the  depth  of  which  we 
are  not  enabled  to  fathom. 

Inanimate  bodies,  even  the  {tones  and  dirt 
under  our  feet  have  fome  properties  ; their  ex- 
iftence  alone  fuppofes  a great  number;  and  the 
leaft  organic  matter  has  an  infinity  of  relations 
with  the  other  parts  of  the  univerfe.  We  {hall 
not  fay,  with  fome  philofophers,  that  matter, 
under  whatever  form  it  may  be,  is  fenfible  of 
its  exiftence  and  relative  faculties.  This  is  a 
metaphyfical  queftion,  and  of  which  we  do  not 
here  propofe  to  treat,  it  will  be  fufficient  to  ob- 
ferve  that  not  having  a perfeft  knowledge  of 
our  own  relation  with  external  obj efts,  we  can- 
not doubt  that  inanimate  matters  are  {till  more 
ignorant  ; befides  as  our  fenfations  do  not  in  the 
leaft  refemble  the  objefts  which  caufe  them, 
we  muft  conclude,  by  analogy,  that  inanimate 
matter  has  neither  fentiment,  fenfation,  nor  a 
confcioufnefs  of  its  exiftence  ; to  attribute  any 
VOL.  ii.  LI  of 
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of  thefe  faculties  to  it,  would  be  giving  it  the 
power  of  thought,  aftion,  and  perception, 
nearly  in  the  fame  manner  as  we  think,  aft, 
and  feel,  which  is  as  much  repugnant  to  reafon 
as  it  is  to  religion. 

Inanimate  bodies  being  formed  of  earth  and 
duft,  we  have,  of  courfe,  fome  properties  in 
common  with  them,  but  they  are  merely  rela- 
tive to  what  arifes  from  general  matter,  fuch  as 
extent,  impenetrability,  weight,  &c . but  as  thefe 
properties,  purely  material,  make  no  impref- 
fion  of  themfelves,  as  they  exift  entirely  inde- 
pendent, and  do  not  at  all  affeft  us,  we  cannot 
confider  them  as  a part  of  our  being  ; it  is  there- 
fore the  organization,  the  foul,  and  the  life, 
which  conflitute  our  exiftence.  Matter,  con- 
fidered  in  this  light,  is  lefs  the  principal  than 
the  acceffor.  It  is  a foreign  expanfion;  the 
union  of  which  is  unknown,  and  the  prefence 
hurtful  tous  ; and  thought,  which  is  the  con- 
ftituent  principle  of  ourbeing,  is  very  probably 
entirely  independent. 

We  exift,  therefore,  without  knowing  how, 
and  we  think  without  knowing  why  ; but 
whatever  is  the  manner  of  our  being  or  think- 
ing,  whether  our  fenfations  are  true  or  falfe, 
the  refult  of  them  are  not  lefs  certain.  This 

order 
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order  of  ideas,  this  train  of  thoughts,  which 
internally  exift  from  ourfelves,  although  very 
different  from  the  objects  that  caufe  them, 
give  rife  to  the  moft  real  affeftions,  and  occa- 
fion  relations  with  external  objects,  which  we 
may  confider  as  real  affinities,  fince  they  are 
invariable,  and  always  the  fame.  The  human 
fpecies,  therefore,  may  be  faid  to  hold  the  firft 
rank  in  the  order  of  nature,  the  brute  creation 
the  fécond,  vegetables  the  third,  and  minerals 
thelaft  ; for  although  we  cannot  clearly  diftin- 
guifh  between  our  animal  and  fpiritual  qua- 
lities, and  although  the  brute  creation  are  en- 
dowed with  the  fame  fenfes,  poffefs  the  fame 
principles  of  life  x nd  motion,  and  perform  a 
number  of  a£tie  s _;ke  man,  yet  they  have  not 
the  relation  with  external  objects  in  the  fame 
extenfrve  manner  we  have,  and  confequently 
the  refemblance  muft  fail  in  various  refpe6ts. 
The  diftance  is  greater  between  man  and  ve- 
getables, and  {till  more  fo  from  minerals,'  as 
vegetables  poffefs  a degree  of  animation  while 
minerals  are  deftitute  of  every  principle  that 
tends  to  organization. 

To  compofe,  therefore,  the  hiftorv  of  an 
animal,  we  muft  firft  nicely  infpe£t  into  the 
general  order  of  his  particular  relations,  and 
L 1 2 afterwards 
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afterwards  didinguifh  thofe  he  has  in  common 
with  vegetables  and  minerals.  An  animal  has 
nothing  in  common  with  a mineral,  excepting 
general  properties  of  matter  ; his  nature  and 
ceconomy  are  totally  different  : the  mineral  is 
a mere  fenfelefs  and  inactive  matter,  without 
organization,  faculties,  or  power  of  re-produc- 
tion ; a dead  mafs,  fit  only  to  be  trod  under 
foot  by  man  and  animals  ; even  the  mod  pre- 
cious metals  are  thus  confidered  by  the  philofo- 
pher,  as  they  poffefs  but  an  arbitrary  value, 
fubordinate  to  the  will,  and  dependent  on  the 
convention  of  men. 

In  an  animal  all  the  powers  of  nature  are 
united;  the  properties  by  which  it  is  animated  are 
peculiar  to  it  ; by  its  fenfes  it  can  will,  a£t,  de- 
termine, and  communicate  with  the  mod  didant 
objects  : its  body  is  a centre,  to  which  every 
thing  is  connected  ; a point  where  the  whole 
univerfe  is  reflected  ; a world  in  miniature. 
Thefe  are  the  properties  which  peculiarly  be- 
long to  it  ; thofe  which  it  poffeffes  in  common 
with  vegetables  are  the  faculties  of  growth,  ex- 
panfion,  re-produ£tion,  and  increafe. 

The  mod  apparent  difference  between  ani- 
mals and  vegetables  feems  to  be  the  faculty  of 
moving  from  place  to  place,  which  animals 
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are  endowed  with  and  vegetables  not.  It  is 
true  we  are  not  acquainted  with  any  vegetable 
that  has  a fingle  progreffive  motion  ; and  there 
are  many  kinds  of  animals,  as  oyfters,  &c.  to 
which  this  motion  feems  to  have  been  denied  ; 
the  diftinftion,  therefore,  is  neither  general 
nor  neceflary. 

A more  eflential  difference  might  be  drawn 
from  the  faculty  of  fenfation  ; but  fenfation  in- 
cludes fuch  a variety  of  ideas,  that  we  ought 
not  to  mention  the  word  without  giving  fome 
explication  ; for  if  by  fenfation  we  underftand 
only  a motion,  occafioned  by  a check  or  refift- 
ance,  we  (hall  find  the  fenjitive- plant  is  alfo 
poflefled  of  it  ; if,  on  the  contrary,  we  would 
have  it  fignify  to  apprehend  and  compare  ideas, 
we  are  not  certain  that  brute  animals  poffefs 
it  ; if  it  is  allowed  to  dogs.,  elephants,  &c. 
whofe  aftions  feem  to  refult  from  the  fame 
caufes  as  thofe  of  men,  it  muft  be  denied  to  an 
infinite  number  of  others,  efpecially  to  thofe 
which  feem  to  be  motionlefs.  If  we  could 
give  to  oyfters,  for  example,  the  fame  faculty 
of  fenfation  as  to  dogs,  though  in  an  inferior 
degree,  why  fhould  we  not  allow  it  to  vege- 
tables in  a ft  ill  leffer  degree  ? This  difference 
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between  annuals  and  vegetables  is  not,  there- 
fore, general,  nor  well  decided. 

A third  difference  feems  to  arife  from  their 
method  of  feeding.  Animals,  by  the  means 
of  certain  external  organs,  feize  thofe  things 
which  are  agreeable  to  them  : they  feek  their 
pafture  and  chufe  their  food.  Plants  are  re- 
duced to  the  neceffity  of  receiving  fuch  nutri- 
ment as  the  earth  furnifhes  : they  have  no  di- 
verfity  in  the  manner  of  procuring  it  ; no  choice 
in  the  kind,  but  the  humidity  of  the  earth  is 
their  only  aliment  ; neverthelefs,  if  we  attend 
to  the  organization  and  a£tion  of  roots  and 
leaves,  we  fhall  presently  difeover  that  there 
are  in  thofe  parts  external  organs,  which  vege- 
tables make  ufe  of  to  obtain  their  food  ; that  the 
root  avoids  and  turns  from  an  obftacle,  or  vein 
of  bad  earth,  to  feek  for  one  that  is  better;  that 
they  divide  their  fibres,  and  even  go  fo  far  as  to 
change  their  form  to  procure  nutriment  for  the 
plant.  The  difference  between  animals  and 
vegetables  cannot,  therefore,  be  eftablifhed  on 
the  manner  in  which  they  receive  their  nutri- 
ment. 

This  inveftigation  induces  us  to  conclude 
that  there  is  no  abfolute  effential  and  general 
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difference  between  animals  and  vegetables,  but 
that  nature  defcends  by  degrees  imperceptibly 
from  an  animal,  which  is  the  moft  perfect,  to 
that  which  is  the  leaft,  and  from  the  latter  to 
the  vegetable.  The  water  polypus  may  there- 
fore be  confidered  as  the  line  where  the  animal 
creation  ends  and  that  of  plants  begin. 

If,  after  having  examined  the  diftinéüons, 
we  fearch  after  the  refetnblances  between  ani- 
mals and  vegetables,  we  (hall  find  the  power  of 
re-produ&ion  is  general,  and  very  effèntial  to 
both  ; a faculty  which  would  almofl:  lead  us  to 
fuppofe  that  animals  and  vegetables  are  nearly 
of  the  fame  order  of  beings. 

A fécond  refemblance  may  be  drawn  from 
the  expanfion  of  their  parts,  a property  which 
is  common  to  both  ; for  vegetables  grow  as 
well  as  animals,  and  if  the  manner  in  which 
they  expand  is  different,  it  is  not  totally  nor 
effeniially  fo,  fince  there  are  very  confiderable 
parts  in  animals,  as  the  bones,  the  hair,  the 
nails,  the  horns,  &c.  whofe  expanfion  is  a per- 
fect and  real  vegetation  ; and  the  foetus,  at  its 
firft  formation,  may  be  faid  rather  to  vegetate 
than  live. 

A third  refemblance  arifes  from  there  being 
feme  animals  which  propagate  like  plants,  and 
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by  the  fame  method.  The  multiplication  of 
the  vine-fretter,  which  is  made  without  copu- 
lation, is  like  that  of  plants  by  feeds  ; and  that 
of  polypufes,  by  cutting  them,  refembles  the 
multiplication  of  trees  by  flips. 

We  can  then  aflert  with  greater  foundation^ 
that  animals  and  vegetables  are  beings  of  the 
fame  order,  and  that  nature  pafles  from  one  to 
the  other  by  infenfible  links  ; fince  the  proper- 
ties wherein  they  refemble  each  other  are  ge- 
neral and  eflential,  and  thofe  in  which  they 
differ  confined  and  particular. 

If  we  compare  animals  and  vegetables  by 
other  lights,  for  example,  by  number,  fituation, 
fize,  form,  &c.  we  fhall  draw  frefh  induétions 
from  them. 

The  number  of  the  animal  fpecies  is  much 
greater  than  that  of  plants.  In  the  clafs  of  in- 
fects alone  there  are  agreater  number  of  fpecies 
than  there  are  kinds  of  plants  on  the  furface  of 
the  earth.  Animals  likewife  much  lefs  refemble 
each  other  than  plants  ; and  it  is  this  refem- 
blance  among  the  latter  which  makes  the  dif- 
ficulty of  knowing  and  difcerning  them,  and 
given  rife  to  fo  many  botanical  fyftems;  and  it 
is  for  this  reafon  that  more  labour  has  been 
beftowed  on  that  than  on  zoology. 
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Befides  there  is  another  advantage  of  know- 
ing the  fpecies  of  animals,  and  diftinguifhing 
them  one  from  another,  which  is  by  regarding 
thofeasone  and  the  fame  fpecies,  who,  by  means 
of  copulation,  produce  and  perpetuate  beings 
like  themfelves  ; and  as  a different  fpecies,  thofe 
from  a connexion  between  whom  nothing  is 
produced,  or  whofe  produft  are  unlike  their 
parents.  Thus  a fox  will  be  a different  fpe- 
cies from  a dog,  if  nothing  refults  from  a 
copulation  of  a male  and  female  of  thefe  two 
animals,  and  when  even  there  fhould  refult  a 
bipartite  animal,  or  a kind  of  mule,  which 
cannot  generate,  that  will  be  fufficient  to  efta- 
blifh  the  fox  and  dog  of  two  different  fpe- 
cies. There  is  not  the  fame  advantage  to  be 
had  in  plants  ; for  although  fome  have  pre- 
tended to  difcover  fexes,  and  although  divifions 
of  breeds  have  been  eftablifhed  by  the  parts 
of  fecundation,  yet  as  thefe  diftinétions  nei- 
ther are  fo  certain,  nor  fo  apparent  as  in 
animals,  and  the  produétion  of  plants  is  made 
in  many  modes,  that  the  fex  has  no  part  in, 
and  where  the  parts  of  fecundation  are  not 
neceffary,  this  idea  cannot  be  made  ufe  of 
with  any  fuccefs  ; it  is  only  on  a mifappre- 
hénded  analogy  that  this  fexual  method  has 
vol.  11.  M m been 
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been  pretended  to  diftinguifh  all  the  different 
fpecies  of  plants. 

Notwithftanding  the  ♦number  of  animals  is 
greater  than  that  of  plants,  yet  that  is  not  the 
cafe  with  refpeft  to  the  number  of  individuals 
in  each  fpecies.  In  animals,  as  well  as  in 
plants,  the  number  of  individuals  is  much 
greater  in  the  fmall  fpecies  than  in  the  large. 
Flies  are,  perhaps,  a million  times  more  nu- 
merous than  elephants  ; fo  likewife  there  are 
more  kinds  of  plants  than  trees  ; but  if  we 
compare  the  quantity  of  individuals  in  each 
fpecies,  we  fhall  find  that  the  plant  is  more 
abundant  than  the  animal  ; for  example,  qua- 
drupeds bring  forth  but  a fmall  number  of 
young,  and  at  confiderable  dillances  of  time  : 
trees,  on  the  contrary,  produce  every  year  a 
great  quantity.  It  may  be  faid  that  this  com- 
panion is  not  exaft,  and  to  render  it  fo,  we 
fhould  compare  the  quantity  of  feeds  produced 
by  a tree,  with  a quantity  of  germs  contained 
in  the  femen  of  an  animal,  and  then,  perhaps, 
we  fhould  find  that  animals  are  (till  more 
abundant  in  their  feed  than  vegetables.  But 
it  fhould  be  confidered  that  it  is  pofiible  by 
coliefling  and  lowing  all  the  feeds  of  an  elm, 
for  inftance,that  we  might  have  100,000  young 
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ones  from  the  produ6t  of  a Angle  year  ; and 
that  fhould  we  fupply  a horfe  with  as  many 
mares  as  he  could  cover  in  one  year,  there 
would  be  a great  difference  between  the  pro- 
duction of  the  animal  and  that  of  the  vege- 
table. I fhall  not  examine  into  the  quantity 
of  germs  ; firft,  becaufe  we  are  not  acquainted 
with  it  in  the  animal  creation  ; and  fecondlv, 
becaufe  poflibly  there  is  the  fame  number  of 
feminal  fhoots  in  the  vegetable;  for  the  feed  of 
a vegetable  is  not  a germ,  being  as  perfect  a 
produ  ction  as  the  foetus  of  an  animal,  and  to 
which,  like  that,  a greater  expanfion  is  only 
wanting. 

To  my  comparifon  may  likewife  be  oppofed 
the  prodigious  multiplication  of  certain  kinds 
of  infects  ; as  the  bee  in  particular,  one  of 
which  will  produce  thirty  or  forty  thoufand. 
But  it  muftbe  obferved,  that  I fpeak  in  general 
of  animals  compared  with  vegetables  ; and  be- 
fides,  this  example  of  bées,  which  perhaps  is 
thegreateft  multiplication  among  animals,  does 
not  conftitute  a proof  againft  what  we  have 
obferved  ; for  of  thirty  or  forty  thoufand  flies 
produced  by  the  female  bee,  there  is  but  few 
females  ; fifteen  hundred,  or  two  thoufand 
males,  and  all  the  reft  moles,  or  rather 
M m 2 neutral 
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neutral  flies,  without  fex,  and  incapable  of 
procreating. 

It  muft  be  owned,  that  in  infeCts,  fifties,  and 
fhell-fifh,  there  are  fpecies  which  feem  to  be 
very  abundant  ; oyfters,  herrings,  fleas,  bee- 
tles, &c.  are  perhaps  in  as  great  numbers  as 
mofles  and  the  moft  common  plants  ; but  on 
the  whole,  the  greateft  number  of  the  animal 
fpecies  is  lefs  abundant  than  the  vegetable  ; 
and  by  comparing  different  kinds  of  plants 
with  each  other,  there  is  not  found  fuch  great 
differences  in  the  number  as  in  the  animal 
fpecies  ; fome  of  which  bring  forth  a prodi- 
gious number,  and  others  only  a few,  whereas 
the  number  of  productions  in  plants  is  always 
very  great  throughout. 

By  what  we  have  obferved,  it  appears  that 
the  fmalleft  and  bafeft  fpecies  feem  to  be  the 
moft  prolific  : the  moft  minute  are  the  moft 
plentiful  as  well  in  animals  as  in  plants,  and  in 
proportion  as  the  animals  are  more  perfect,  they 
appear  to  decreafe  in  number  of  individuals. 
Can  it  be  thought  that  certain  forms  of  the 
body,  as  thofe  of  quadrupeds  and  birds,  requi- 
fite  for  the  perfection  of  fenfation,  would  coft 
nature  more  organic  particles  than  the  produc- 
tion of  lefs  important  animals  ? 
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Let  us  now  pafs  to  the  comparison  of  ani- 
mals and  vegetables,  with  refpe£t  to  fituation, 
form,  and  fize.  The  earth  is  the  only  place 
wherein  vegetables  can  fubfift.  The  greateft 
number  grow  above  the  Surface,  and  are  at- 
tached to  the  foil  by  roots.  Some,  as  truffles, 
are  entirely  covered  with  earth,  and  a few 
grow  under  the  water,  but  all  require  the  fur- 
face  of  the  earth  to  exift  upon.  Animals,  on 
the  contrary,  are  more  generally  difperfed  ; 
fome  dwell  on  the  Surface,  and  others  in  the 
bowels  of  the  earth  ; fome  live  at  the  bottom, 
and  others  fwim  in  the  waters  of  the  ocean  ; 
fome  exift  in  the  air,  others  dwell  in  the  inter- 
nal part  of  plants,  on  the  bodies  of  men  and 
other  animals,  liquors,  and  even  ftones  are  not 
without  them. 

By  the  ufe  of  the  microfcope,  a great  number 
of  new  fpecies  of  animals  have  been  discover- 
ed : but  Singular  as  it  may  appear,  we  have 
not  found  more  than  one  or  two  new  fpecies 
of  plants  by  the  help  of  this  infiniment.  The 
Small  mofs  is,  perhaps,  the  only  micro  fcopi- 
cal  plant  Spoken  of  ; and  we  might  therefore 
imagine  that  nature  refufed  to  produce  very 
Small  plants,  while  fhe  formed  animalcules 
with  profufion  ; but  we  might  deceive  our- 
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felves  by  adopting  this  opinion  without  exami- 
nation, and  our  error  might  arife  from  plants, 
in  fad:,  refembling  each  other  more  than  ani- 
mals ; fo  that  this  moldinefs,  which  we  only 
take  for  a very  minute  mofs,  may  poffibly  be 
a kind  of  foreft  or  garden  filled  with  abundance 
of  various  plants,  although  we  are  unable  to 
mark  the  difference. 

By  comparing  the  fize  of  animals  and  plants 
there  will  be  found  a great  inequality,  for  the 
diftance  is  much  greater  between  the  fize  of  a 
whale  and  one  of  thefe  microfcopic  animals, 
than  between  the  highefi:  oak  and  the  mofs  we 
are  now  fpeaking  of.  Although  bulk  be  only 
a relative  attribute,  it  may  neverthelefs  be  ufe- 
ful  to  infped  into  the  extreme  boundaries  na- 
ture has  allotted  to  her  produdions.  In  big- 
nefs  animals  and  plants  feem  to  have  a near 
equality  ; a large  whale  and  a large  tree  forms 
a volume  not  very  different  ; whereas  among 
the  fmall  it  has  been  alferted  there  are  animals 
fo  very  minute,  that  a million  of  them  united 
together  would  not  equal  in  fize  the  fmalleft 
mofs-plant  ever  feen. 

The  mod  general  and  mod  fenfible  diffe- 
rence between  animals  and  vegetables  is  that  of 
figure,  for  the  form  of  animals,  although  in- 
finitely 
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finitely  varied,  have  not  any  refemblance  to 
that  of  plants  ; and  although  the  polypus  will, 
like  plants,  reproduce  by  cutting,  and  may  be 
regarded  as  the  link  between  the  animal  and 
vegetable  kingdoms,  not  only  by  the  mode  of 
their  reproduction,  but  alfo  by  their  external 
form,  neverthelefs  the  figure  of  the  animal  is 
fo  different  from  the  external  form  of  a plant, 
that  it  is  difficult  to  be  deceived  therein.  Some 
animals  form  things  refembling  plants  or 
flowers,  but  plants  never  produce  any  thing 
like  an  animal  ; and  thofe  admirable  infects, 
which  produce  and  form  the  coral,  would  not 
have  been  taken  for  flowers  if  coral  had  not 
been  regarded  as  a plant.  Thus  the  errors 
wherein  we  might  fall,  by  comparing  plants 
with  animals,  will  never  have  any  influence 
but  on  a few  objects  which  compofe  the  link 
between  both,  and  the  more  obfervations  we 
fhall  make  the  more  we  (hall  be  convinced 
that  the  Creator  has  not  placed  a fixed  line  be- 
tween animals  and  vegetables,  that  thefe  two 
fpecies  of  organized  beings  have  many  more 
common  properties  than  real  differences  ; that 
the  production  of  an  animal  does  not  require 
of  Nature  more,  and  poffibly  lefs  exertion 
than  that  of  a vegetable  ; that  in  general  the 
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production  of  organized  beings  does  not  require 
exertion,  and  that,  in  fhort,  the  living  animat- 
ed nature,  inftead  of  compofing  a metaphyfical 
degree  of  beings,  is  a phyfical  property,  com- 
mon to  all  matter. 


OF *  * REPRODUCTION  IN  GENERAL. 

CHAPTER  II. 


‘'ITCTE  fhall  now  make  a more  minute  in- 

* * fpeCtion  into  this  common  property  of 
animal  and  vegetable  nature  ; this  power  of 
producing  its  refemblance  ; this  chain  of  fuc- 
ceffive  individuals,  which  conftitutes  the  real 
exiftence  of  the  fpecies  ; and  without  attaching 

ourfelves 
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he  includes  the  vegetable  as  well  as  animal  fyilem. 
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ourfelves  to  the  generation  of  man,  or  to  that 
of  any  particular  kind  of  animal,  let  us  infped 
the  phenomenas  of  reproduction  in  general  ; let 
us  colled  fads,  and  enumerate  the  different  me- 
thods nature  makes  ufe  of  to  renew  organized 
beings.  The  firft,  and  as  we  think  the  molt 
fimple  method,  is  to  colled  in  one  body  an 
infinite  number  of  refembling  organic  bodies, 
and  fo  to  compofe  its  fubfcance,  that  there  is 
not  a part  of  it  which  does  not  contain  a germ 
of  the  fame  fpecies,  and  which  confequently 
of  itfelf  might  become  a whole,  refembling  that 
of  which  it  conftitutes  a part.  This  prepara- 
tion feems  to  fuppofe  a prodigious  wafte,  and  to 
carry  with  it  profufion  ; yet  it  is  a very  com- 
mon magnificence  of  nature,  and  which  mani- 
fefts  itfelf  even  in  the  mod  common  and  inferior 
kinds,  fuch  as  worms,  polypus,  elms,  willows, 
goofeberry-trees,  and  many  other  plants  and 
infects,  each  part  of  which  contains  a whole, 
and  by  the  fingle  effed  ofexpanfion  alone  may 
become  a plant  or  an  infect.  By  confidering 
organized  beings  in  this  point  of  view,  an 
individual  is  a whole,  uniformly  organized  in 
all  its  parts  ; a compound  of  an  infinity  of  re- 
fembling figures  and  fimilar  parts,  an  affem- 
vol.  11.  N n blage 
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blage  of  germs,  or  fmall  individuals  of  the 
fame  kind,  which  can  expand  in  the  fame 
mode  according  to  circumftances,  and  form 
new  bodies,  compofed  like  thofe  from  whence 
they  proceed. 

By  examining  this  idea  thoroughly,  we 
fhall  difeover  a connection  between  animals, 
vegetables,  and  minerals,  which  we  could  not 
expect.  Salts,  and  fome  other  minerals,  are 
compofed  of  parts  refembling  each  other,  and 
to  all  that  compofes  them  ; a grain  of  fait  is  a 
cube,  compofed  of  an  infinity  of  fmaller  cubes, 
which  we  may  eafily  perceive  by  a micro- 
fcope  : thefe  are  alfo  compofed  of  other  cubes 
ftill  fmaller,  as  may  be  perceived  with  a better 
microfcope  ; and  we  cannot  doubt,  but  that 
the  primitive  and  conftituting  particles  of  this 
fait  are  likewife  cubes  fo  exceedingly  minute 
as  to  efcape  our  fight,  and  our  imagination. 
Animals  and  plants  which  can  multiply  by 
all  their  parts,  are  organized  bodies,  of  which 
the  primitive  and  conftituting  parts  are  alfo 
organic  and  fimilar,  of  which  we  difeern 
the  aggregate  quantity,  but  cannot  perceive 
the  primitive  parts  only  by  reafon  and  ana- 
logy. 


This 
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This  leads  us  to  believe  that  there  is  an  in- 
finity of  organic  particles  actually  exifting  and 
living  in  nature,  the  fubftance  of  which  is  the 
fame  with  that  of  organized  bodies.  As  we 
have  juft  obferved,  in  a ftructure  of  a fimilar 
kind,, though  of  inanimate  matter,  that  it  was 
compofed  of  an  infinity  of  particles  which 
have  a perfect  femblance  to  the  whole  body, 
and  as  there  muft  perhaps  be  millions  of  fmall 
cubes  of  accumulated  faits  to  form  a fenfible 
individual  grain  of  fea-falt,fo  likewife  millions 
of  organic  particles,  like  the  whole,  are  re- 
quired to  form  one  out  of  that  multiplicity  of 
germs  contained  in  an  elm  or  a polypus  ; and 
as  we  muft  feparate,  bruife,  and  diffolve  a cube 
of  fea-falt  to  perceive,  by  means  of  cryftalliza- 
tion,  the  fmall  cubes  of  which  it  is  compofed, 
we  muft  likewife  feparate  the  parts  of  an  elm 
or  polypus  to  difcover,  by  means  of  vegetation 
and  expanfion,  the  fmall  elms  or  polypufies 
contained  in  thofe  parts. 

The  difficulty  of  giving  way  to  this  idea 
arifes  from  a prejudice  ftrongly  eftablifhed, 
that  there  is  no  method  of  judging  of  the 
complex,  except  by  the  fimple,  and  that  to 
conceive  the  organic  conftitution  of  a body, 
|ve  muft  reduce  it  to  its  fimple  and  unorga- 
N n 2 nized 
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nized  parts,  and  that  it  is  more  eafy  to  con* 
ceive  how  a cube  is  compofed  of  other  cubes, 
than  how  one  polypus  is  compofed  of  others  ; 
but  if  we  attentively  examine  what  is  meant 
by  firnple  and  complex,  we  fhall  then  find  that 
in  this  as  in  every  thing  elfe,  the  plan  of  Na- 
ture is  quite  different  from  the  very  rough 
draught  of  it  formed  by  our  ideas. 

Our  fenfes,  as  is  well  known,  do  not  furnifh 
us  with  exact  reprefentations  of  external  ob- 
jects, infomuch  that  if  we  are  defirous  of  efti- 
mating,  judging,  comparing,  meafuting,  &c. 
we  are  obliged  to  have  recourfe  to  foreign  af- 
fiftance,  to  rules,  principles,  inftruments,  &c. 
All  thefe  helps  are  the  works  of  human  know- 
ledge, and  partake  more  or  lefs  of  the  abftrac- 
tion  of  our  ideas  ; this  abftraction,  therefore, 
is  called  the  firnple,  and  the  difficulty  of  re- 
ducing them  to  this  abftraction  the  complex. 
Extent,  for  example,  being  a general  and  ab- 
ftracted  property  from  Nature,  is  not  very 
complex,  neverthelefs  to  form  a judgment  of 
it  we  have  fuppofed  extents  without  depth, 
without  breadth,  and  even  points  without  any 
extent  at  all.  All  thefe  abftractions  have  been 
invented  for  the  fupport  of  our  judgment,  and 
the  few  definitions  made  ufe  of  in  geometry 

have 
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have  occafioned  a variety  of  prejudices  and 
falfe  concluficns.  All  that  can  be  reduced  by 
thefe  definitions  are  termed  fimple,  and  all  that 
cannot  be  readily  reduced  are  called  complex  ; 
from  hence  a triangle,  a fquare,  a circle,  a 
cube,  &c.  are  fimple  fubje£ts,  as  well  as  all 
curves,  whofe  geometrical  laws  we  are  ac- 
quainted with  ; but  all  that  we  cannot  reduce 
by  thefe  abstracted  figures  and  laws  are  com- 
plex. We  do  not  confider  that  thefe  geome- 
trical figures  exift  only  in  our  imagination  ; 
that  they  are  not  to  be  found  in  Nature,  or  at 
leaft  if  they  are  difcoverable  there,  it  is  be- 
caufe  fhe  exhibits  every  poffible  form,  and  that 
it  is  more  difficult  and  rare  to  find  fimple 
figures  of  an  equilateral  pyramid,  or  an  exa£t 
cube  in  Nature,  than  compounded  forms  of  a 
plant  or  an  animal.  In  every  thing,  therefore, 
we  take  the  abftract  for  the  fimple,  and  the 
real  for  the  complex.  In  Nature,  on  the  con- 
trary, the  abftraél  has  no  existence,  every 
thing  is  compounded  ; we  Shall  never,  of 
courfe,  penetrate  into  the  intimate  Structure  of 
bodies  ; we  cannot,  therefore,  pronounce  on 
what  is  complex  in  a greater  or  lefier  degree, 
excepting  by  the  greater  or  lefier  each  fubject 
has  to  ourfelves  and  to  the  reft  of  the  univerfe  ; 
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from  which  reafon  it  is  we  judge  that  the  ani- 
mal is  more  compounded  than  the  vegetable, 
and  the  vegetable  more  than  the  mineral. 
This  notion  is  juft  with  relation  to  us,  but  we 
know  not  in  reality  whether  the  animal,  ve- 
getable, or  mineral,  is  the  moft  fimple  or  com- 
plex and  we  are  ignorant  whether  a globule 
or  a cube  is  more  indebted  for  an  exertion  of 
Nature  than  a feed  or  an  organic  particle.  If 
we  would  form  conjectures  on  this  fubject,  we 
might  fuppofe  that  the  moft  common  and  nu- 
merous things  are  the  moft  fimple  ; but  then 
animals  would  be  the  moft  fimple,  lince  the 
number  of  their  kind  far  exceeds  that  of  plants 
or  minerals. 

But  without  taking  up  more  time  on  this 
difcuffion,  it  is  fufficient  to  have  fhewn  that  the 
opinions  we  commonly  have  of  the  fimple  and 
complex  are  ideas  of  abftraction,  that  they 
cannot  be  applied  to  the  compound  produc- 
tions of  Nature,  and  that  when  we  attempt  to 
reduce  every  being  to  elements  of  a regular 
figure,  or  to  prifmatic,  cubical,  or  globular 
particles,  we  fubftitute  our  own  imaginations 
in  the  place  of  realities  ; that  the  forms  of  the 
conftituting  particles  of  different  bodies  are 
abfolutely  unknown  to  us,  and  that  confe- 
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quently  we  can  fuppofe  that  an  organized 
body  is  compofed  of  organic  particles,  as  well 
as  that  a cube  is  compofed  of  other  cubes. 
We  have  no  other  rule  to  judge  by  than  ex- 
perience. We  perceive  that  a cube  of  fea- 
falt  is  compofed  of  other  cubes,  and  than  an 
elm  confifts  of  other  fmaller  elms,  becaufe  by 
taking  an  end  of  a branch,  or  root,  or  a piece 
of  the  wood  feparated  from  the  trunk,  or  a 
feed,  they  will  alike  produce  a new  tree.  It 
is  the  fame  with  refpect  to  polypuffes,  and 
fome  other  kinds  of  animals,  which  we  can 
multiply  by  cutting  off  and  feparating  any  of 
the  different  parts  ; and  fince  our  rule  for 
judging  in  both  is  the  fame,  why  Ihould  wc 
judge  differently  of  them  ? 

It  therefore  appears  very  probable,  by  the 
above  reafons,  that  there  really  exifts  in  Nature 
a number  of  fmall  organized  beings,  alike  in 
every  refpect  to  the  large  organized  bodies 
feen  in  the  world  ; that  thefe  fmall  organized 
beings  are  compofed  of  living  organic  particles* 
which  are  common  to  animals  and  vegetables, 
and  are  their  primitive  and  incompatible  par- 
ticles ; that  the  affemblage  of  thefe  particles 
form  an  animal  or  plant,  and  confequently  that 
reproduction,  or  generation,  is  only  a change 
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of  form  made  by  the  addition  of  thefe  refem- 
bling  parts  alone,  and  that  death  or  diflolution 
is  nothing  more  than  a reparation  of  the  fame 
particles.  Of  the  truth  of  this  we  apprehend 
there  will  not  remain  a doubt  after  reading  the 
proofs  we  fliall  give  in  the  following  chapters. 
Befides,  if  we  reflect  on  the  manner  in  which 
trees  grow,  and  confider  how  fo  confiderable 
a volume  can  arife  from  fo  fmall  an  origin, 
we  (hall  be  convinced  that  it  proceeds  from 
the  fimple  addition  of  fmall  refembling  or- 
ganized particles.  A grain  produces  a young 
tree,  which  it  contained  in  miniature.  At  the 
fummit  of  this  fmall  tree  a bud  is  formed, 
which  contains  the  young  tree  for  the  fuc- 
ceeding  year,  and  this  bud  is  an  organic  part, 
refembling  the  young  tree  of  the  firft  year’s 
growth.  A fimilar  bud  appears  the  fécond 
year,  containing  a tree  for  the  third  ; and  thus 
fucceffively,  as  long  as  the  tree  continues  grow- 
ing, at  the  extremity  of  each  branch  new  buds 
will  form,  which  contain  in  miniature  young 
trees  like  that  of  the  firft  year.  It  is  therefore 
evident  that  trees  are  compofed  of  fmall  orga- 
nized bodies,  fimilar  to  themfelves,  and  that  the 
whole  individual  is  formed  by  the  aflemblage 
of  fmall  refembling  individuals. 
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But,  It  may  be  afked,  were  not  all  thefe  orga- 
nized bodies  contained  in  the  feed,  and  may  not 
the  order  of  their  expanfion  be  traced  from  that 
fource  ? for  the  bud  which  firft  appeared  was  evi- 
dently furmounted  by  another  fimilar  bud,  which 
was  not  expanded  till  the  fécond  year,  and  fo  on 
to  the  third  ; and  confequently  the  feed  may  be 
faid  really  to  contain  all  the  buds,  or  young  trees 
that  would  be  produced  for  a hundred  years,  or 
till  the  diftolution  of  the  tree  itfelf.  This  feed 
it  is  alfo  plain  not  only  contained  all  the  fmall 
organized  bodies  which  one  day  muft  conftitute 
the  individual  tree,  but  alfo  every  feed,  every  in- 
dividual, and  every  fuccellion  of  feeds  and  indi- 
viduals, to  the  total  definition  of  the  fpecies. 

This  is  the  principal,  difficulty,  and  we  fhall 
examine  it  with  the  ftritefl  attention.  It  is 
certain  that  the  feed  produces,  by  the  fingle 
expanfion  of  the  bud  or  germ  it  contains,  a 
young  tree  the  firft  year,  and  that  this  tree 
exifted  in  miniature  in  that  bud  ; but  it  is  not 
equally  certain  that  the  bud  of  the  fécond  year, 
and  thofe  of  fucceeding,  were  all  contained  in 
the  firft  feed,  no  more  than  that  every  organiz- 
ed body  and  feed,  which  muft  fucceed  to  the 
end  of  the  world,  or  to  the  definition  of  the 
fpecies  were  fo.  This  opinion  fuppofes  a pro- 
vol.  il.  O o grefs 
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grefs  to  infinity,  and  forms  of  each  individual  a 
fource  of  eternal  generations.  The  firft  feed, 
in  that  cafe,  mu  ft  have  contained  every  plant  of 
its  kind  which  have  exifted  or  ever  will  exift  ; 
and  the  firft  man  rnuft  actually  and  individually 
have  contained  in  his  loins  every  man  which  has 
or  will  appear  on  the  face  of  the  earth.  Each 
feed,  and  each  animal,  agreeable  to  this  opinion, 
muft  have  poffefted  within  an  infinite  pofterity. 
But  the  more  we  fuffer  ourfelves  to  wander  into 
thefe  kind  of  reafonings,  the  more  we  lofe  the 
fight  of  truth  in  the  labyrinth  of  infinity  ; and 
infteadof  clearing  up  and  folving  the  queftion, 
we  confufe  and  involve  it  in  more  obfcurity  ; 
it  is  placing  the  object  out  of  fight,  and  after- 
wards faying,  it  is  impofiible  to  fee  it. 

Let  us  inveftigate  a little  thefe  ideas  of  infi- 
nite progreftion  and  expanfion.  From  whence 
do  they  arife  ? What  do  they  reprefent  ? The 
ideas  of  infinity  can  only  fpring  from  an  idea  of 
that  which  is  limited;  for  it  is  in  that  manner 
we  have  an  idea  of  an  infinity  of  fucceflion,  a 
geometrical  infinity:  each  individual  is  an  unit, 
many  indiv  iduals  compofe  a finite  number,  and 
the  whole  fpecies  is  the  infinite  multitude.  Thus 
in  the  fame  manner  as  a geometrical  infinity 
may  be  dçmonftrated  not  to  exift,  fo  we  may  be 
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allured  that  an  infinite  progreftion  or  expanfion 
does  not  exift  ; that  it  is  only  an  abftraét  idea, 
a retrenchment  of  the  idea  of  finity,  of  which 
we  take  away  the  limits  that  neceflarily  termi- 
nate all  fize  ; and  that,  of  courfe,  we  muft  re- 
ject from  philofophy  every  opinion  which  leads 
to  an  idea  of  the  aflual  exifience  of  geometri- 
cal or  arithmetical  infinity. 

The  partizans,  therefore,  of  this  opinion 
mull  acknowledge  that  their  infinity  of  fuccef- 
fion  and  multiplication  is  in  fail  only  an  in- 
determinate or  indefite  number  ; a number 
greater  than  any  we  can  have  an  idea  of,  but 
which  is  not  infinite.  This  being  granted, 
they  will  tell  us  that  the  firft  feed  of  an  elm, 
for  example,  which  does  not  weigh  a grain, 
really  contains  all  the  organic  particles  necef- 
fary  for  the  formation  of  this  and  every  other 
tree  of  the  fame  kind  which  ever  fhall  appear. 
But  what  do  they  explain  to  us  by  this  anfwer? 
Is  it  not  cutting  the  knot  inftead  of  untying 
it,  and  eluding  the  queftion  when  it  Ihould  be 
refolved. 

When  we  alk,  how  beings  are  multiplied  ? 
and  it  is  anfwered  that  this  multiplication  was 
completely  made  in  the  firft  body,  is  it  not  ac- 
knowledging that  they  are  ignorant  how  it  is 
O o 2 made, 
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made,  and  renouncing  the  will  of  conceiving 
it  ? The  queflion  is  afked,  how  one  body  pro- 
duces its  like  ? and  it  is  anfwered,  that  the 
whole  was  created  at  once.  Can  we  receive 
this  as  a folution  ? for  whether  one  or  a million 
of  generations  have  parted  the  like  difficulty 
remains,  and  fo  far  from  explaining  the  fup- 
pofition  of  an  indefinite  number  of  germs, 
increafes  the  obfcurity,  and  renders  it  incom- 
prehenfible. 

I own,  that  in  this  circumftance  it  is  eafier  to 
ftart  objections  than  to  eftablifh  probabilities, 
and  that  the  queflion  of  reproduftion  is  of  fuch 
fubtle  nature,  as  poflibly  never  to  be  fully  re- 
folved  ; but  then  we  fhould  fearch  whether  it  is 
totally  infcrutable,  and  by  that  examination  we 
fhall  difcover  all  that  is  poflible  to  be  known 
of  the  fubje£t,  or  atleaft,  why  we  muft  remain 
ignorant  of  it. 

There  are  two  kinds  of  queftions,  fome  be- 
longing to  the  firfl  caufes,  the  others  have  only 
particular  effects  ; for  example,  if  it  is  afked 
why  matter  is  impenetrable  ? it  muft  either 
remain  unanfwered,  or  be  replied  to  by  faying, 
matter  is  impenetrable,  becaufe,it  is  impene- 
trable. It  will  be  the  fame  with  refpect  to  all 
the  general  qualities  of  matter,  whether  rela- 
tive 
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tive  to  gravity,  extenfion,  motion,  or  reft  ; no 
other  reply  can  be  given,  and  we  fhall  not  be 
furprifed  that  fuch  is  the  cafe,  if  we  attentively 
confider,  that  in  order  to  give  a reafon  for  a 
thing,  we  muft  have  a different  fubject  from 
which  we  may  deduce  a comparifon,and  there- 
fore if  the  reafon  of  a general  caufe  is  afked, 
that  is,  of  a quality  which  belongs  to  all  in 
general,  and  of  which  we  have  no  fubject  to 
which  it  does  not  belong,  we  are  confequent- 
ly  unable  to  reafon  upon  it  ; from  thence 
it  is  demonftrable,  it  would  be  ufelefs  to 
make  fome  enquiries,  fince  we  fhould  go 
againft  the  fuppofition  that  quality  in  general 
and  univerfal. 

If,  on  the  contrary,  the  reafon  of  a particular 
effect  depends  immediately  on  one  of  the  ge- 
neral caufes  above  mentioned,  and  whether  it 
partakes  of  the  general  effect  immediately,  or 
by  a chain  of  other  effects,  the  queftion  will 
be  equally  folved,  provided  we  equally  per- 
ceive the  dependence  thefe  effects  have  on 
each  other,  and  the  connections  there  are  be- 
tween them. 

But  if  the  particular  effect,  of  which  we  en<- 
quire  the  reafon,  does  not  appear  to  depend  on 
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thefe  general  effects,  nor  to  have  any  analogy 
with  other  known  effects  ; then  this  effect  being 
the  only  one  of  its  kind,  and  having  nothing  in 
common  with  other  effects,  at  lead  known  to 
ns,  the  queflion  is  folvable  ; becaufe  not  hav- 
ing in  this  point  any  known  fubject  which 
has  any  connection  with  that  we  would  ex- 
plain, there  is  nothing  from  whence  we  can 
draw  the  reafon  fought  after.  When  the  reafon 
of  a general  caufe  is  demanded,  it  is  unanfwer- 
able,  becaufe  it  exifts  in  every  object  ; and,  on 
the  other  hand,  the  reafon  of  a fingular  or  ifo- 
lated  effect  is  not  found,  becaufe  not  any  thing 
known  has  the  fame  qualities.  We  cannot 
explain  the  reafon  of  a general  effect,  w iihout 
difcovering  one  more  general  ; w hereas  the  rea- 
fon of  an  ifolated  effect  may  be  explained  by  the 
difcovery  of  fome  other  relative  effect,  which, 
although  we  are  ignorant  of  at  prefent,  chance 
or  experience  may  bring  to  light. 

Befides  thefe,  there  is  another  kind  of  quef- 
tion,  which  may  be  called  the  queflion  of  fact. 
For  example,  Why  do  trees,  dogs,  &c.  exift  ? 
All  thefe  fact  queflions  are  totally  infoluble,  for 
thofe  whoanfwer  them  by  final  caufes,  do  not 
confider  that  they  take  the  effect  for  the  caufe  ; 
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the  connection  particular  objects  have  with  us 
having  no  influence  on  their  origin.  Moral  af- 
finity can  never  become  a phyfical  reafon. 

We  mu!t  carefully  diftinguifh  thofe  queftions 
where  the  why  is  ufed,  from  thofe  where  the 
how  is  employed,  and  more  fo  from  thofe  where 
the  how  many  is  mentioned.  Why  is  always 
relative  to  the  caufe  of  the  effect,  or  to  the  ef- 
fect itfelf.  How  is  relative  to  the  mode  from 
which  the  effect  fprings,  and  the  how  many  has 
relation  only  to  the  proportionate  quantity  of 
the  effect. 

All  thefediftinetions  being  explained,  let  us 
proceed  to  examine  the  queflion  concerning 
the  reproduction  of  bodies.  If  it  is  afked, 
why  animals  and  vegetables  reproduce  ? we 
fhall  clearly  difcover,  that  this  being  a queflion 
of  fact,  it  is  infolvable,  and  ufelefs  to  endea- 
vour at  the  folution  of  it.  But  if  it  is  afked* 
how  animals  and  vegetables  reproduce  ? we 
reply  by  relating  the  hiftory  of  the  generation 
of  every  fpecies  of  animal,  and  of  the  repro- 
duction of  each  diftinct  vegetable  ; but  after 
having  run  over  all  the  methods  of  an  animal 
engendering  its  refemblance,  accompanied  even 
with  the  moft  exact  obfervation^,  we  fhall  find 
it  has  only  taught  us  facts  without  indicating 
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caufes  ; and  that  the  apparent  methods  which 
Nature  makes  ufe  of  for  reproduction,  does 
not  appear  to  have  apy  connection  with  the 
effe&s  refulting  therefrom  ; we  fhall  be  flill 
obliged  to  afk  what  is  the  fecret  mode  by  which 
fhe  enables  different  bodies  to  propagate  their 
own  fpecies. 

This  queflion  is  very  different  from  the  firft 
and  fécond  ; it  gives  liberty  of  enquiry,  and 
admits  the  employment  of  imagination,  and 
therefore  it  is  not  insolvable,  for  it  does  not 
immediately  belong  to  a general  caufe  ; nor  is 
it  entirely  a queflion  of  fact,  for  provided  we 
can  conceive  a mode  of  reproduction  dependent 
upon,  or  not  repugnant  to  original  caufes,  we 
fhall  have  gained  a Satisfactory  anfwer  ; and 
the  more  it  fhall  have  a connection  with  other 
effects  of  Nature,  the  better  foundation  will  it 
be  raifed  upon. 

By  the  queflion  itfelf  it  is  therefore  per- 
mitted to  form  hypothefes,  and  to  Select  that 
which  fhall  appear  to  have  the  greatefl  analogy 
with  the  other  phenomena  of  Nature.  But 
we  mufl  exclude  from  the  number  all  thofc 
which  fuppofes  the  thing  already  done  ; for 
example,  Such  as  fupppfe  that  all  the  germs 
of  the  fame  fpecies  were  contained  in  the  firft 
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feed,  or  that  every  reproduction  is  a new  crea- 
tion* an  immediate  effect  of  the  Almighty’s 
will  ; becaufe  thefe  hypothefes  are  queftionsof 
fact,  and  on  which  it  is  impoflible  to  reafon. 
We  mu  ft  alfo  reject  every  hypothefis  which 
might  have  final  caufes  for  its  object  ; fuch  as, 
we  might  fay,  that  reproduction  is  made  in 
order  for  the  living,  to  fupply  the  place  of  the 
dead,  that  the  earth  may  be  always  covered 
with  vegetables,  and  peopled  with  animals  ; 
that  man  may  find  plenty  for  his  fubfiftence, 
&c.  becaufe  thefe  hypothefes,  inftead  of  ex- 
plaining the  effects  by  phyfical  caufes,  are 
founded  only  on  arbitrary  connections  and 
moral  agreements.  At  the  fame  time  we  muft 
not  rely  on  thefe  abfolute  axioms  and  phyfical 
problems,  which  fo  many  people  have  impro- 
perly made  ufe  of,  as  principles  ; for  example, 
there  is  no  fecundation  made  apart  from  the 
body,  nulla  fœcondatio  extra  corpus  ; every  liv- 
ing thing  is  produced  from  an  egg  ; all  gene- 
ration fuppofes  fexes,  &c.  We  muft  not  take 
thefe  maxims  in  an  abfolute  fenfe,  but  confider 
them  only  as  fignifying  things  generally  per- 
formed in  one  particular  mode  rather  than  in 
any  other. 
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Let  us  therefore  fearch  after  an  hypothefis 
which  has  not  any  of  thefe  defeats,  and  by 
which  we  cannot  fall  into  any  of  thefe  incon- 
Veniencies  ; if  ihen  we  do  not  fucceed  in  the 
explanation  of  the  mechanical  power  Nature 
makes  ufe  of  to  effect  the  reproduction  of 
beings,  we  (hall  at  lead;  arrive  at  fomething 
more  probable  than  what  has  hitherto  been 
advanced. 

As  we  can  make  moulds,  by  which  we  can 
give  to  the  external  parts  of  bodies  whatever 
figure  we  pleafe,  let  us  fuppofe  Nature  can 
form  the  fame,  by  which  fhe  not  only  beftows 
on  bodies  the  external  figure  but  alfo  the  in- 
ternal.  Would  not  this  be  one  mode  by  which 
reproduction  may  be  performed  ? 

Let  us  then  confider  on  what  foundation 
this  fuppofition  is  raifed  ; let  us  examine  if  it 
contains  any  thing  contradictory,  and  after- 
wards we  fhall  difcover  what  confequences 
may  be  derived  from  it.  Though  our  fenfes 
are  only  judges  of  the  external  parts  of  bodies, 
we  perfectly  comprehend  external  affection 
and  different  figures.  We  can  alfo  imitate 
Nature,  by  reprefenting  external  figures  by 
different  modes,  as  by  painting,  fculpture,  and 

moulds  ; 
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moulds  ; but  although  our  fenfes  are  only  judges 
of  external  qualities,  we  know  there  are  inter- 
nal qualities,  fome  of  which  are  general,  as 
gravity.  This  quality  or  power  does  not  a£l 
relatively  to  furfaces,  but  proportionably  to  the 
malles  or  quantities  of  matter  ; there  is,  there- 
fore, very  a&ive  qualities  in  Nature,  which 
even  penetrate  bodies  to  the  molt  internal 
parts;  but  we  (hall  never  gain  a perfect  idea  of 
thefe  qualities,  becaufe,  not  being  external, 
they  cannot  fall  within  the  compafs  of  our 
fenfes  ; but  we  can  compare  their  effects,  and 
deduce  analogies  therefrom,  to  anfwer  for  the 
effefts  of  fimilar  qualities. 

If  our  eyes,  inltead  of  reprefenting  to  us  the 
furface  of  objefts  only,  were  fo  formed  as  to 
fhew  us  the  internal  parts  alone,  we  fhould 
then  have  clear  ideas  of  the  latter,  without  the 
fm  all  eft  knowledge  of  the  former.  In  this 
fuppo  tion  the  internal  moulds,  which  I have 
fuppofed  to  be  made  ufe  of  by  Nature,  might 
be  as  eafily  feen  and  conceived  as  the  moulds 
for  external  figures.  In  that  cafe  we  fhould 
have  modes  of  imitating  the  internal  parts  of 
bodies  as  we  now  have  for  the  external.  Thefe 
internal  moulds,  although  we  cannot  acquire, 
P p 2 Nature 
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Nature  may  be  poffeffed  of,  as  fhe  is  of  the 
qualities  of  gravity,  which  penetrates  to  the 
internal  particles  of  matter.  The  fuppofition 
of  thefe  moulds  being  formed  on  good  analo- 
gies, it  only  remains  for  us  to  examine  if  it 
includes  any  contradiction. 

It  may  be  argued  that  the  expreffion  of  an  in- 
ternal mould  includes  two  contradictory  ideas  ; 
that  the  idea  of  a mould  can  only  be  related  to 
the  furface,  and  that  the  internal,  according  to 
this,  mufl  have  a connection  with  the  whole 
mafs,  and  therefore  it  might  as  well  be  called 
a mafiive  furface,  as  an  internal  mould. 

I admit,  that  when  we  are  about  to  reprefent 
ideas  which  have  not  hitherto  been  expreffed, 
we  are  obliged  to  make  ufe  of  terms  which 
feem  contradictory  ; for  this  reafon  philofophers 
have  often  employed  foreign  terms  on  fuch 
occalions,  inftead  of  applying  thofe  in  com- 
mon ufe,  and  which  have  a received  fignifi- 
cation  ; but  this  artifice  is  ufelefs,  fince  we 
can  fhew  the  oppofition  is  only  in  the  words, 
and  that  there  is  nothing  contradictory  in  the 
idea.  Now  I affirm  that  a fimple  idea  cannot 
contain  a contradiction,  that  is,  when  we  can 
form  an  idea  of  a thing,  if  this  idea  is  fnüplç 
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it  cannot  be  compounded,  it  cannot  include  any 
other  idea,  and  confequently  it  will  contain 
nothing  oppofite  nor  contrary. 

Simple  ideas  are  not  only  the  primary  appre- 
henfions  which  ftrike  us  by  the  fenfes,  butalfo 
the  primary  companions  which  form  from 
thofe  apprehenfions,  for  the  firft  apprehenfion 
itfelf  is  always  a comparifon.  The  idea  of 
the  fize  of  an  object,  or  of  its  remotenefs, 
necefiarily  includes  a comparifon  with  bulk  or 
diftance  in  general  ; therefore  when  an  idea 
only  includes  comparifon  it  muft  be  regarded 
as  fimple,  and  from  that  circumftance  as  con- 
taining nothing  contradictory:  fuch  is  the  idea 
of  the  internal  mould.  There  is  a quality  in 
Nature,  called  gravity , which  penetrates  the 
internal  parts  of  bodies.  I take  the  idea  of 
internal  mould  relatively  to  this  quality,  and 
therefore,  including  only  comparifon,  it  bears 
not  any  contradiction. 

Let  us  now  fee  the  confequences  that  may 
be  deduced  from  this  fuppofition  ; let  us  alfo 
fearch  after  facts  correfponding  therewith,  as 
it  will  become  fo  much  the  more  probable,  as 
the  number  of  analogies  {hall  be  greater. 
Let  us  begin  by  unfolding  this  idea  of  internal 
pioulds,  and  by  explaining  in  what  manner  we 
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underftand  it  we  fhall  be  brought  to  conceive 
the  modes  of  reproduction 

Nature  in  general  feems  to  have  a greater 
tendency  to  life  than  death,  and  to  organize 
bodies  as  much  as  pofTible  ; the  multiplication 
of  germs,  which  may  be  infinitely  encreafed,  is 
a proof  of  it  ; and  we  may  affert  with  fafety, 
that  if  all  matter  is  not  organized,  it  isbecaufe 
organized  beings  deftroy  each  other,  for  we  can 
augment  as  much  as  we  pleafe  the  quantity  of 
living  and  vegetable  beings,  but  we  cannot 
augment  the  quantity  of  ftones  or  other  inani- 
mate matters.  This  feems  to  indicate  that 
the  mod  common  work  of  Nature  is  the  pro- 
duction of  the  organic  part,  and  in  which  her 
power  knows  no  bounds. 

To  render  this  intelligible,  let  us  make  a 
calculation  of  what  a fingle  germ  might  pro- 
duce. The  feed  of  an  elm,  which  does  not 
weigh  the  hundredth  part  of  an  ounce,  at  the 
end  of  co  years  will  produce  a tree  whofe 
volume  will  be  60  cubic  feet.  At  the  tenth 
year  this  tree  will  have  produced  1000  feeds, 
which  being  all  Town,  at  the  end  of  ioo  years 
would  each  have  alfo  a volume  equal  to  60 
'cubic  feet.  Thus  in  iio  years  there  is  pro- 
duced more  than  60, coo  cubic  feet  of  orga- 
nized 
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nized  matter;  10  years  more  there  will  be 

10.000. 000  of  fathoms,  without  including  the 
10,000  increafed  every  year,  which  would 
make  100,000  more  ; and  10  years  after  there 
will  be  three  times  that  number  ; thus  in  130 
years  a fingle  fhoot  will  produce  a volume  of 
organized  matter,  which  would  fill  up  a fpace 
of  1000  cubic  leagues  ; 10  years  after  it  would 
comprehend  a 1 ,oco,oco,  and  in  1 o years  more 

1.000. 000  times  i,ooo,cco  cubic  leagues  : fo 
that  in  150  years  the  whole  terreflrial  globe 
might  be  entirely  converted  into  one  fingle 
kind  of  organized  matter.  In  this  production 
of  organized  bodies  Nature  would  know  no 
bounds,  if  it  were  not  for  the  refiflance  of  mat- 
ters which  are  not  fufceptible  of  organization* 
and  this  proves  that  (he  does  not  incline  to 
form  inanimate  but  organized  beings,  and 
that  in  this  fhe  never  flops  but  when  irre- 
fiftible  inconveniencies  are  oppofed  thereto. 
What  we  have  already  faid  on  the  feed  of  an 
elm  may  be  faid  of  any  other;  and  it  wmuld  be 
eafy  to  demonftrate,  that  if  we  were  to  hatch 
every  egg  produced  by  hens  for  the  fpace  of  30 
years,  there  would  be  a fufficient  number  of 
fowls  to  cover  the  whole  furface  of  the  earth. 
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Thefe  kind  of  calculations  demonitrate  that 
organic  formation  is  the  mod  common  work  of 
Nature,  and  apparently  that  which  cofts  her  the 
lead  labour.  But  I will  go  father,  the  general 
divifion  which  we  ought  to  make  of  matter 
feems  to  me  to  be  into  living  and  dead  matter * 
inftead  of  organized  and  brute  ; the  brute  is 
only  that  matter  produced  by  the  death  of  ani- 
mals or  vegetables  ; I could  prove  it  by  that 
enormous  quantity  of  (hells  and  other  caft-off 
matters  of  living  animals  which  compofe  the 
principal  part  of  (tones,  marble,  chalk,  marl, 
earth,  turf,  and  other  fubftances,  which  we  call 
brute  matter,  and  which  are  only  the  ruins  of 
dead  animals  or  vegetables  ; but  a reflection* 
which  feems  to  me  well  founded,  will  perhaps 
make  it  better  underftood. 

Having  meditated  on  the  activity  of  Nature 
to  produce  organized  bodies,  and  feen  that  her 
power  in  this  refpect  is  not  limited  ; having 
proved  that  infinity  of  organic  living  par- 
ticles, which  conftitute  life,  mud  exift  ; hav- 
ing (hewn  that  the  living  body  cofts  the  leaft 
trouble  to  Nature,  I now  fearch  after  the  prin- 
cipal caufes  of  death  and  deftruction,  and  I 
find  that  bodies  in  general,  which  have  the 

power 
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power  of  converting  matter  into  their  proper 
fubftance,  and  to  aflimilate  the  parts  of  other 
bodies,  are  the  greateft  deftroyers.  Fire,  for 
example,  turns  into  its  own  fubftance  almoft 
every  fpecies  of  matter,  and  is  the  greateft 
means  of  deftru&ion  known  to  us.  Animals 
feem  to  participate  of  the  qualities  of  flame  ; 
their  internal  heat  is  a kind  of  fire  ; therefore, 
after  fire,  animals  are  the  greateft  deftroyers, 
and  they  aflimilate  and  convert  into  their  own 
fubftance  every  matter  which  may  ferve  them 
for  food  : but  although  thefe  two  caufes  of  de- 
ftru&ion  are  very  confiderable,  and  their  effe&s 
perpetually  incline  to  the  annihilation  of  orga- 
nized beings,  the  caufe  of  reproduction  is  infi- 
nitely more  powerful  and  aCtive  ; fhe  feems 
to  borrow,  even  from  deftruCtion  itfel'f,  means 
to  multiply,  fince  aflimilation,  which  is  one 
caufe  of  death,  is  at  the  fame  time  a neceflary 
means  of  producing  life. 

To  deftroy  an  organized  being  is,  as  we 
have  obferved,  only  to  feparate  the  organic 
particles  of  which  it  is  compofed  ; thefe  par- 
ticles remain  feparated  till  they  are  re-united 
by  fome  adive  power.  But  what  is  this  aCtive 
power  ? — It  is  the  power  which  animals  and 
vegetables  have  to  aflimilate  the  matter  that 
VOL.  ii.  Q^q  ferves 
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ferves  them  for  food  ; and  is  not  this  the  fame, 
or  at  leaft  has  it  not  great  connexion  with  that 
which  is  the  caufe  of  reproduction  ? 


ARTICLE  III. 

OF  NUTRITION  AND  GROWTH, 


HE  body  of  an  animal  is  a kind  of  inter- 


nal mould,  in  which  the  nutritive  mat- 
ter affimilates  itfelf  with  the  whole  in  fueh  a 
manner  that,  without  changing  the  order  and 
proportion  of  the  parts,  each  receives  an  aug- 
mentation, and  it  is  this  augmentation  of  bulk 
which  fome  have  called  expanftony  becaufe  they 
imagined  every  difficulty  would  be  Removed  by 
the  fuppofition  that  the  animal  was  completely 
formed  in  the  embryo,  and  that  it  would  be 
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eafy  to  conceive  that  its  parts  would  expand, 
or  unfold  in  proportion  as  it  would  increafe  by 
the  addition  of  accelTory  matter. 

But  if  we  would  have  a clear  idea  of  this 
augmentation  and  expanfion,  how  can  it  be 
done  otherwife  than  by  confidering  the  animal 
body,  and  each  of  its  parts,  as  fo  many  internal 
moulds  which  receive  the  acceffory  matter  in 
the  order  that  refults  from  the  pofition  of  all 
their  parts?  This  expanfion  cannot  be  made  by 
the  addition  to  the  furfaces  alone,  but,  on  the 
contrary,  by  an  intimate  fufception  which  pe- 
netrates the  mafs,  and  thus  increafesthe  fize  of 
the  parts,  without  changing  the  form,  from  ' 
whence  it  is  neceffary  that  the  matter  which 
ferves  for  this  expanfion  Ihould  penetrate  the 
internal  part  in  all  its  dimenfions  ; it  is  alfo  as 
necelfary  that  this  penetration  be  made  in  a 
certain  order  and  proportion,  fo  that  no  one 
point  can  receive  more  than  another,  without 
which  fome  parts  would  expand  quicker  than 
others,  and  the  form  be  entirely  changed. 
Now  what  can  prefcribe  this  rule  to  acceffory 
matter,  and  conftrain  it  to  arrive  perpetually* 
and  proportionally  to  every  point  of  the  in- 
ternal parts,  except  we  conceive  an  internal 
paould  ? 

Q.q  2 It 
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It  therefore  appears  certain  that  the  body  of 
an  animal  or  vegetable  is  an  internal  mould  of 
a confiant  form,  but  where  their  maffes  may 
augment  proportionably,  by  the  extenfion  of 
this  mould  in  all  its  external  and  internal  di- 
menfions.  That  this  extenfion  alfo  is  made 
by  the  intuf-fufception  of  any  acceffory  or 
foreign  matter  which  penetrates  the  internal 
part,  and  becomes  fimilar  to  the  form  and 
identical  fubftance  with  the  matter  of  the 
moulds  themfelves. 

But  of  what  nature  is  this  matter  which  the 
animal  or  vegetable  aflimilates  with  its  own  r 
fubftance  ? what  can  be  the  nature  of  that 
power  which  gives  it  the  activity  and  neceffary 
motion  to  penetrate  the  internal  mould  ? and 
if  fuch  a power  does  exift,  muft  it  not  be 
fimilar  to  that  by  which  the  internal  mould 
itfelf  would  be  produced  ? 

Thefe  three  queftions  include  all  that  can  be 
defired  on  this  fubject,  and  feem  to  depend  on 
each  other  fo  much,  that  I am  perfuaded  the 
reproduction  of  an  animal  or  vegetable  can- 
not be  explained  in  a fatisfactory  manner,  if  a 
clear  idea  of  the  mode  of  the  operation  of 
nutrition  is  not  obtained  ; we  muft,  therefore, 
examine  thefe  three  queftions  feparately,  in 

orde^* 
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order  to  compare  the  confequences  refulting 
therefrom. 

The  firft  which  relates  to  the  nutritive  na- 
ture of  this  matter  is  in  part  refolved  by  the 
reafons  we  have  already  given,  and  will  be 
fully  demonftrated  in  the  fucceeding  chapter. 
We  will  {hew  that  there  exifts  an  infinity  of 
living  organic  particles  in  Nature;  that  their 
production  is  of  little  expence  to  Nature, 
fince  their  exiftence  is  confiant  and  invariable, 
and  that  the  caufes  of  death  only  feparates 
without  deftroying  them.  Therefore  the  mat- 
ter which  the  animal  or  vegetable  aflimilates 
is  an  organic  matter  of  the  fame  nature  as  the 
animal  or  vegetable  itfelf,  and  which  confe- 
quently  can  augment  the  fize  without  chang- 
ing the  form  or  quality  of  the  matter  of  the 
mould,  fince  it  is  in  fad  of  the  fame  form 
and  quality  ,as  that  which  it  is  conftituted 
with.  Thus,  in  the  quantity  of  aliments  which 
the  animal  takes  to  fupport  life,  and  to  keep 
its  organs  in  play,  and  in  the  fap,  which  the 
vegetable  takes  up  by  its  roots  and  leaves, 
there  is  a great  part  thrown  off  by  tranfpira- 
tion,  fecretion,  and  other  excretory  modes,  and 
only  a final!  portion  retained  for  the  nourifli- 
pient  of  the  parts  and  their  expanfion.  It  is 
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very  probable,  that  in  the  body  of  an  animal 
or  vegetable  there  is  formed  a reparation  of  the 
brute  particles  of  the  aliments  and  the  organic  ; 
that  the  firft  are  carried  off  by  the  caufes  juft 
mentioned  ; that  only  organic  particles  remain, 
and  that  the  diftribution  of  them  is  made  by 
means  of  fome  adive  power  which  conduds 
them  to  every  part  in  an  exad  proportion,  in- 
fomuch  that  neither  receive  more  or  lefs  than 
is  needful  for  its  equal  nutrition,  growth,  or 
expanfion. 

The  fécond  queftion,  What  can  be  the  adive 
power  which  caufes  this  organic  matter  to  pe- 
netrate and  incorporate  itfelf  with  this  internal 
mould  ? By  the  preceding  chapter  it  appears, 
that  there  exifts  in  Nature  powers  relative  to 
the  internal  part  of  matter,  and  which  have  no 
relation  with  its  external  qualities.  Thefe 
powers,  as  already  obferved,  will  never  come 
under  our  cognizance,  becaufe  their  adion  is 
made  on  the  internal  part  of  the  body  whereas 
our  fenfes  cannot  reach  beyond  what  is  exter- 
nal ; it  is  therefore  evident,  that  we  {hall  never 
have  a clear  idea  of  the  penetrating  powers,  nor 
of  the  manner  by  which  they  act  ; but  it  is  not 
lefs  certain  that  they  exift,  than  that  by  their 
means  moft  effects  of  Nature  are  produced  ; 
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we  muft  attribute  to  them  the  effects  of  nutri- 
tion and  expanfion,  which  cannot  be  effected 
by  any  other  means  than  the  penetration  of  the 
moft  intimate  receffes  of  the  original  mould:  in 
the  fame  mode  as  gravity  penetrates  all  parts  of 
matter,  fo  the  power  which  impels  or  attracts 
the  organic  particles  of  food,  penetrates  into 
the  internal  parts  of  organized  bodies,  and  as 
thofe  bodies  have  a certain  form,  which  we 
call  the  internal  mould,  the  organic  particles, 
impelled  by  the  action  of  the  penetrating  force, 
cannot  enter  therein  but  in  a certain  order  re- 
lative to  this  form,  which  confequently  it  can- 
not change,  but  only  augment  its  dimenfions, 
and  thus  produce  the  growth  of  organized  bo- 
dies ; and  if  in  the  organized  body,  expanded 
by  this  means,  there  are  fome  particles  whofe 
external  and  internal  forms  are  like  that  of  the 
whole  body,  from  thofe  reproduction  will  pro- 
ceed. 

The  third  queftion.  Is  it  not  by  a fimilar 
power  the  internal  mould  itfelf  is  reproduced  ? 
It  appears,  that  it  is  not  only  a fimilar  but  the 
fame  power  which  caufes  expanfion  and  repro- 
duction, for  in  an  organized  body  which  ex- 
pands, if  there  is  fome  particle  like  the  whole, 
it  is  fufficient  for  that  particle  to  become  one 

day 


buffon’s 


3°4 

day  an  organized  body  itfelf,  perfectly  fimilar 
to  that  of  which  it  made  a part.  This  particle 
will  not  at  firft  prefent  a figure  ftriking  enough 
for  us  to  compare  with  the  whole  body  ; but 
when  feparated  from  that  body,  and  receiving 
proper  nourilhment,  it  will  begin  to  expand, 
and  in  a (hort  time  prefent  a fimilar  being,  both 
externally  and  internally,  as  the  body  from 
which  it  had  been  feparated  : thus  a willow  or 
polypus,  which  contain  more  organic  particles 
fimilar  to  the  whole  than  moft  other  fubftances, 
if  cut  into  ever  fuch  a number  of  pieces,  from 
each  piece  will  fpring  a body  fimilar  to  that 
from  whence  it  was  divided. 

Now  in  a body,  every  particle  of  which  is 
like  itfelf,  the  organization  is  the  moft  fimple, 
as  we  have  obferved  in  the  firft  chapter  ; for  it 
is  only  the  repetition  pf  the  fame  form,  and  a 
compofition  of  fimilar  figures,  all  organized 
alike.  It  is  for  this  reafon  that  the  moft  fimple 
bodies,  or  the  moft  imperfect  kinds,  are  repro- 
duced with  the  greateft  eafe,  and  in  the  greateft 
plenty  ; whereas,  if  an  organized  body  con- 
tains only  fome  few  particles  like  itfelf,  then,  as 
fuch  alone  can  arrive  to  the  fécond  expanfion, 
confequently  the  reproduction  will  be  more 
difficult,  and  not  fo  abundant  in  number  ; the 
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organization  of  thefe  bodies  will  alfo  be  more 
compounded,  becaufe  the  more  the  organized 
parts  differ  from  the  whole,  the  more  the  orga- 
nization of  this  body  will  be  perfect,  and  the 
more  difficult  the  reproduction  will  be. 

Nourifhment,  expanfion,  and  propagation, 
then  are  the  effects  of  one  and  the  fame  caufe. 
The  organized  body  is  nourifhed  by  the  par- 
ticles of  aliments  analagous  to  it  ; it  expands 
by  the  intimate  fufception  of  organical  parts 
which  agree  with  it,  and  it  propagates  becaufe 
it  contains  fome  original  particles  which  re- 
ferable itfelf.  It  only  remains  to  examine 
whether  thefe  fimilar  organic  particles  come 
into  the  organized  body  by  nutriment,  or  whe- 
ther they  were  there  before,  and  have  an  inde- 
pendent exiftence  : if  we  fuppofe  the  latter,  we 
fhall  fall  in  with  the  doctrine  of  the  infinity  of 
parts,  or  fimilar  germs  contained  one  in  the 
other  ; the  infufficiency  and  abfurdity  of  which 
hypotheiis  we  have  already  ffiewn  ; we  muft 
therefore  conclude  that  fimilar  parts  are  ex- 
tracted from  the  food  ; and  after  what  has  been 
faid,  we  hope  to  explain  the  manner  in  which 
the  organic  molecules  are  formed,  and  how  the 
minute  particles  unite. 

YOL.  11.  R r 
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There  is,  as  we  have  faid,  a reparation  of 
the  parts  in  the  nutriment  ; the  organic,  from 
thofe  analogous  to  the  animal  or  vegetable,  by 
tranfpiration  and  other  excretory  modes  ; the 
organical  remain  and  ferve  for  the  expanfion 
and  nutriment  of  the  body.  But  thefe  organic 
parts  mud  be  of  various  kinds,  and  as  each 
part  of  the  body  receives  only  thofe  fimilar  to 
itfelf,  and  that  in  a due  proportion,  it  is  very  na- 
tural to  imagine  that  the  fuperfluity  of  this  or- 
ganic matter  will  be  fent  back  from  every  part 
of  the  body  into  one  or  more  places,  where  all 
thefe  organical  molecules  uniting,  form  fmall 
organized  bodies  like  the  firft,  and  to  which  no- 
thing is  wanting  but  the  mode  of  expanfion  for 
them  to  become  individuals  of  the  fame  fpecies  ; 
for  every  part  of  the  body  fending  back  orga- 
nized parts,  like  thofe  of  which  they  themfelves 
are  compofed,  it  is  neceffary  that,  from  the 
union  of  all  thefe  parts,  there  fhould  refult  or- 
ganized bodies  like  the  firft.  This  being  ad- 
mitted, may  we  not  conclude  this  is  the  reafon 
why,  during  the  time  of  expanfion  and  growth, 
organized  bodies  cannot  produce,  becaufe  the 
parts  which  expand  abforb  the  whole  of  the 
organic  molecLles  which  belong  to  them,  and 

not 
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not  having  any  fuperfluous  parts,  confequently 
are  incapable  of  reproduction. 

This  explanation  of  nutrition  and  repro* 
duction  will  not  probably  be  received  by  thofe 
who  admit  but  of  a certain  number  of  me- 
chanical principles,  and  reject  all  which  do 
not  depend  on  them  ; and  as  what  has  been 
faid  of  nutrition  and  expanfion  comes  under 
the  latter  defcription,  they  will  pofTibly  treat 
it  as  unworthy  dépendance.  But  I am  quite 
of  a different  opinion  from  thofe  philofophers  ; 
for  it  appears  to  me  that,  by  admitting  only 
a certain  number  of  mechanical  principles, 
they  do  not  fee  how  greatly  they  contract  the 
bounds  of  philofophy,  and  that  for  one  pheno- 
menon that  can  be  explained  by  a fyftem  fo 
confined,  a thoufand  would  be  found  exceeding 
its  limits. 

The  idea  of  explaining  every  phenomenon 
in  nature  by  mechanical  principles,  wras  cer- 
tainly a great  and  beautiful  exertion,  and  which 
Defcartes  firft  attempted.  But  this  idea  is  only 
a project,  and  if  properly  founded  have  we 
the  means  of  performing  it  ? thefe  mechanical 
principles  are  the  extent  of  matter,  its  impe- 
netrability, its  motion,  its  external  figure,  its 
R r 2 divifibility 
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divifibility,  and  the  communication  of  move» 
ment  by  impulfion,  by  elafticity,  &c.  The 
particular  ideas  of  each  of  thefe  qualities  we 
have  acquired  by  our  fenfes,  and  regard  them  as 
principles,  becaufe  they  are  general  and  belong 
to  all  matter.  But  are  we  certain  thefe  qua- 
lities are  the  only  ones  which  matter  poffeffes, 
or  rather,  muft  we  not  think  thefe  qualities, 
which  we  take  for  principles,  are  only  modes 
of  perception  ; and  that  if  our  fenfes  were 
differently  formed,  we  fhould  difeover  in  mat- 
ter qualities  different  from  thofe  which  we 
have  enumerated  ? To  admit  only  thofe  quali- 
ties to  matter  which  are  known  to  us,  feems  to 
be  a vain  and  unfounded  pretenfion.  Matter 
may  have  many  general  qualities  which  we 
lhall  ever  be  ignorant  of  ; fhe  may  alfo  have 
others  that  human  affiduity  may  difeover,  in 
the  fame  manner  as  has  recently  been  done 
with  refpect  to  gravity,  wrhich  alike  exifts  in 
all  matter.  Thecaufeof  impulfion,  and  fuch 
other  mechanical  principles,  will  always  be 
as  impoffible  to  find  out  as  that  of  attraction, 
or  fuch  other  general  quality.  From  hence  is 
it  not  very  reafonable  to  fay,  that  mechanical 
principles  are  nothing  but  general  effects, 
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which  experience  has  pointed  out  to  us  in  mat- 
ter, and  that  every  time  a new  general  effect  is 
difcovered,  either  by  reflection,  comparifon, 
meafure,  or  experience,  a new  mechanical 
principle  will  be  gained,  which  may  be  ufed 
with  as  much  certainty  and  advantage  as  any 
we  are  now  acquainted  with  ? 

The  defect  of  Ariftotle’s  philofophy  was 
making  ufe  of  particular  effects  as  common 
caufes  ; and  that  of  Defcartes  in  making  ufe 
of  only  a few  general  effects  as  caufes,  and 
excluding  all  the  reft.  The  philofophy  which 
appears  to  me  would  be  the  leaft  deficient,  is 
that  where  general  effects  are  only  made  ufe  of 
for  caufes,  and  feeking  to  augment  the  num- 
ber of  them,  by  endeavouring  to  generalize 
particular  effects. 

In  my  explanation  of  expanfion  and  repro- 
duction, I admit  the  received  mechanical  prin- 
ciples, the  penetrating  force  of  weight,  and  by 
analogy,  I have  {trove  to  point  out  that  there 
are  other  penetrating  powers  exifting  in  or- 
ganized bodies,  which  experience  has  con.- 
firmed.  I have  proved  by  facts  that  matter 
inclines  to  organization,  and  that  there  exifts 
an  infinite  number  of  organic  particles.  I 

have 
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have  therefore  only  generalized  fome  obfer* 
vations,  without  having  advanced  any  thing 
contrary  to  mechanical  principles,  when  that 
term  is  ufed  as  it  ought  to  be  underftood,  as 
denoting  the  general  effects  of  Nature. 
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ARTICLE  IV. 

OF  THE  GENERATION  OF  ANIMALS. 

S human  and  animal  organization  is  the 


moft  perfect  and  compounded,  their  pro- 
pagation is  alfo  the  moft  difficult  and  leaft abun- 
dant ; I here  except  thofe  animals  which,  like 
the  frefh- water  polypus  or  worms,  are  repro- 
duced from  their  divided  parts,  as  trees  are  by 
flips  or  plants,  by  their  divided  roots  or  fuck- 
ers ; alfo  thofe  which  may  be  found  to  multi- 
ply without  copulation  ; it  appears  to  me  that 
the  nature  of  thofe  have  been  Efficiently  ex- 
plained in  the  preceding  chapter  ; and  from 
which,  in  every  kind  where  an  individual  pro- 
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duces  its  refemblance,  it  is  eafy  to  deduce  the 
explanation  of  the  reproduction  from  expan- 
fion  and  nutrition. 

But  how  fhall  we  apply  this  mode  of  rea- 
foning  to  the  generation  of  man  and  animals 
diftinguiihed  by  fexes,  and  where  the  con- 
currence of  two  individuals  is  required  r We 
underftand,  by  what  has  juft  been  advanced, 
how  each  individual  can  produce  its  like  ; but 
we  do  not  conceive  how  a male  and  a female 
produces  a third. 

Before  I anfwer  this  queftion,  I cannot  avoid 
obferving,that  all  thofe  who  have  written  upon 
this  fubject,  have  confined  their  fyftems  to  the 
generation  of  man  and  animals,  without  pay- 
ing any  attention  to  other  kinds  of  generation 
which  Nature  prefents  us  with,  and  reproduc- 
tion in  general  ; and  as  the  generation  of  man 
and  animals  is  the  moft  complicated  of  all 
kinds,  their  refearches  have  been  attended  with 
great  difadvantages,  not  only  by  attacking 
the  moft  difficult  point,  but  alfo  by  having  no 
fubject  of  compaiifon,  from  which  they  could 
draw  a folution  of  the  queftion.  To  this  it  is 
that  I principally  attribute  the  little  fuccefs 
of  their  labours,  but  by  the  road  I have  taken 
we  may  arrive  at  the  explanation  of  the  phe- 
nomena 
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nomena  of  every  kind  of  generation  in  a fatis- 
factory  manner. 

The  generation  of  man  will  ferve  us  for  an 
example.  I take  him  in  his  infancy,  and  I 
conceive- that  the  expanfion  and  growth  of  the 
different  parts  of  his  body  being  made  by  the 
intimate  penetration  of  organic  molecules  ana- 
logous to  each  of  its  parts,  all  thefe  organic 
molecules  are  abforbed  in  his  earlieft  years,  and 
ferve  only  for  the  expanfion  and  augmentation 
of  his  various  members  ; confequently  there 
is  little  or  no  fuperfluity  until  the  expanfion 
is  entirely  completed,  and  this  is  the  reafon 
why  children  are  incapable  of  propagation  ; 
but  when  the  body, has  attained  the  greateft 
part  of  its  growth,  it  begins  to  have  no  longer 
need  of  fo  great  a quantity  of  organic  particles, 
and  the  fuperfluity,  therefore,  is  fent  back  from 
each  part  of  the  body  into  the  deftined  refer- 
voirs  for  its  reception.  Thefe  refervoirs  are 
the  tefticles  and  feminal  veffels,  and  it  is  at 
this  period  that  the  expanfion  of  the  body  is 
nearly  completed,  when  the  commencement 
of  puberty  is  dated,  and  every  circumflance 
indicates  the  fuperabundance  of  nutriment  ; 
the  voice  alters  and  takes  a deeper  tone  ; the 
vol.  11.  S f beard 
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beard  begins  to  appear,  and  other  parts  of  the 
body  are  covered  with  hair  ; thofe  parts  which 
are  appointed  for  generation  take  a quick 
growth  ; the  feminal  liquor  fills  the  prepared 
refervoirs,  and  when  the  plenitude  is  too  great, 
even  without  any  provocation,  and  during  the 
time  of  fleep,  it  emits  from  the  body.  In  the 
female  this  fuperabundance  is  more  ftrongly 
marked,  it  difcovers  itfelf  by  periodical  eva- 
cuations, which  begin  and  end  with  the  faculty 
of  propagating,  by  the  quick  growth  of  the 
breafts,  and  by  ari  attraction  in  the  fexual  parts 
as  fihall  be  explained. 

I think,  therefore,  that  the  organical  mole- 
cules, fent  from  every  part  of  the  body  into 
the  tefticles  and  feminal  veflels  of  the  male, 
and  into  the  ovarium  of  the  female,  forms 
there  the  feminal  liquor,  which  is,  as  has  been 
obferved  in  both  fexes,  a kind  of  extract  of 
every  part  of  the  body.  Thefe  organical  mole- 
cules, inftead  of  uniting  and  forming  an  indi- 
vidual, like  the  one  in  which  they  are  contain- 
ed, can  only  unite  when  the  feminal  liquors 
of  the  two  fexes  are  mixed  ; and  when  there  is 
more  organical  molecules  of  the  male  than  of 
the  female,  in  fuch  mixture  the  produce  will  be 

a male. 
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a male,  and,  on  the  contrary,  when  there  is 
more  of  the  female,  then  a female  will  be  the 
refult. 

I do  not  mean  to  fay  that  the  organic  mole- 
cules of  either  could  unite  to  form  fmall  orga- 
nized bodies  of  themfelves,  but  that  it  is  ne- 
ceflary  a mixture  of  the  feminal  fluid  of  both 
fexes  fhould  take  place,  and  that  it  is  only  thofe 
formed  in  that  mixture  which  can  expand  and 
become  individuals.  Thefe  fmall  moving  bo- 
dies, called fpermatic  animals , are  feen  by  a mi- 
crofcope  in  the  feminal  liquor  of  every  male, 
and  are  probably  fmall  organized  bodies,  pro- 
ceeding from  the  individual  which  contains 
them,  but  which  cannot  expand  or  produce  any 
thing  of  themfelves.  We  fhall  evince  that 
there  are  the  fame  in  the  feminal  liquor  of  the 
female,  and  fhall  indicate  the  place  where  this 
liquor  is  to  be  found. 

It  is  very  pollible  that  organical  molecules 
are  at  firft  only  a kind  of  foetus  of  a fmall  or>- 
ganized  body,  in  which  there  are  only  effen- 
tial  parts.  We  fhall  not  enter  into  a detail  of 
proofs  in  this  refpect,  but  content  ourfelves 
with  remarking,  that  the  pretended  fpermatic 
animals,  which  we  have  been  fpeaking  of, 
might  poflibly  be  but  imperfectly  organized, 
S f % or 
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or  that  thefe  pretended  animals  are  only  living 
organic  particles,  common  to  both  animals  and 
vegetables,  or  at  moft  only  the  firft  union  of 
thofe  particles. 

But  let  us  return  to  our  principal  object. 
How  can  we  conceive,  it  may  be  afked,  that  the 
fuperfluous  particles  can  be  fent  back  from 
every  part  of  the  body,  and  afterwards  unite 
when  the  feminal  liquor  of  the  two  fexes  are 
mixed?  Befides,  is  it  certain  that  this  mixture 
is  made  ? Has  it  not  been  pretended  that  the 
female  did  not  furnifh  any  fluid  of  this  kind  ? 
Is  it  certain  that  the  liquor  of  the  male  enters 
the  matrix  ? &c. 

To  the  firft  queftion  I anfwer,  if  what  I 
have  faid  on  the  fubject  of  the  penetration  of 
the  internal  mould  by  organic  molecules,  in 
nutrition  or  expanfiom  be  well  underftood,  it 
will  eafily  be  conceived  that  thefe  molecules, 
not  being  able  any  longer  to  penetrate  thofe 
parts  they  did  before,  they  will  be  neceflitated  to 
take  a different  road,  and  confequently  arrive 
at  fome  part,  as  the  tefticles  or  feminal  veflels  ; 
for  to  explain  the  animal  economy,  and  the 
different  movements  of  the  human  body,  folely 
by  mechanical  principles,  is  the  fame  as  if  a 
man  would  give  an  account  of  a picture  by 

fhutting 
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Shutting  his  eyes  and  feeling  on  it  ; for  it  is  evi- 
dent that  neither  the  circulation  of  the  blood, 
nor  the  motion  of  the  mufcles,  nor  the  animal 
functions,  can  be  explained  by  impulfion,  nor 
other  common  laws  of  mechanics  : it  is  as 
evident  that  nutrition,  expanfion,  and  repro- 
duction, is  made  by  other  laws,  why  therefore 
not  admit  oi  acting  and  penetrating  powers 
on  the  mafles  of  bodies,  fince  we  have  ex- 
amples of  it  in  gravity,  in  magnetical  attrac- 
tions, and  in  chemical  affinities  r And  as  we 
are  now  convinced  by  fads,  and  the  multitude 
of  confiant  and  uniform  obfervations,  that 
there  exifts  in  Nature  powers  which  do  not 
ad  by  the  mode  of  impulfion,  why  fhould  we 
not  make  ufe  of  thofe  powers  as  mechanical 
principles?  why  fhould  we  exclude  them  from 
the  explanations  of  effeds,  which,  we  are  con- 
vinced, they  produce  ? why  fhould  we  be  con- 
fined to  employ  only  the  power  of  impulfion  ? 
is  not  this  like  judging  of  a pidure  by  the 
touch,  and  explaining  the  phenomena  of  the 
mafs  by  thofe  of  the  furface,  and  the  penetrat- 
ing power  by  fuperficial  adion  ? is  not  this 
making  ufe  of  one  fenfe  inftead  of  another  ; 
and,  on  the  whole,  is  it  not  confining  the  fa- 
culty of  reafoning  on  a fmall  number  of  me- 
chanical 
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chanical  principles,  totally  inadequate  to  fol- 
low the  various  productions  of  nature. 

But  thofe  penetrating  powers  being  once  ad- 
mitted, is  it  not  natural  to  fuppofe  that  the  moft 
analogous  particles  will  unite  and  bind  them- 
felves  intimately  together  ; that  each  part  of 
the  body  will  appropriate  the  moft  agreeable  to 
itfelf,  and  that  from  the  fuperfluity  of  all  thefe 
particles  there  will  be  formed  a feminal  fluid, 
which  will  contain  all  the  organic  molecules 
neceflary  to  form  a fmall  organized  body,  per- 
fectly like  that  from  which  this  fluid  is  ex*- 
traded?  A power  like  that  which  was  necef- 
fary  to  make  them  penetrate  into  each  part, 
and  produce  expanfion,  may  be  fufficient  to 
colled  them  in  an  organized  form,  like  that  of 
the  body  in  which  it  oiiginated. 

I conceive,  that  in  the  aliments  we  take 
there  is  a great  quantity  of  organical  mole- 
cules, which  needs  no  ferious  proof,  fince  we 
live  on  animals  and  vegetables,  which  are  orga- 
nized fubftances.  In  the  ftomach  and  intef- 
tines  a reparation  is  made  of  the  grofs  parts, 
which  are  thrown  ' flf  by  the  excretories.  The 
chyle,  which  is  the  pureft  part  of  the  aliment, 
enters  into  the  la&eal  veffels,  and  from  thence 
is  tranfported  into  every  part  of  the  body. 

By 
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By  the  motion  of  the  circulation  it  purifies  it- 
felf  from  all  inorganical  molecules,  which  are 
thrown  off  by  fecretion  and  tranfpiration  ; but 
the  organic  particles  remain,  becaufe  they  are 
analogous  to  the  blood,  and  that  from  thence 
there  is  a power  of  affinity  which  retains  them 
afterwards  ; for  as  the  whole  mafs  of  blood 
paffes  many  times  through  the  body,  I appre- 
hend that  in  this  continual  circulation  every 
particular  part  of  the  body  attra&s  the  particles 
moft  analogous  to  it,  without  interrupting  the 
courfe  of  the  others.  In  this  manner  every 
part  is  expanded  and  nourifhed,  not,  as  it  is 
commonly  faid,  by  a fimple  addition  of  the 
parts,  and  a fuperficial  increafe,  but  by  an  in- 
timate penetration  of  fubftance,  produced  by  a 
power  which  a£ts  on  every  point  of  the  mafs  ; 
and  when  the  parts  of  the  body  are  at  a certain 
growth,  and  almoft  filled  with  thefe  analogous 
particles,  as  their  fubftance  is  become  more 
folid,  I conceive  they  then  lofe  the  faculty  of 
attracting  or  receiving  thofe  particles,  but  as 
the  circulation  will  continue  to  carry  them  to 
every  part  of  the  body,  which  not  being  any 
longer  able  to  admit  them  as  before,  muft  ne- 
ceffarily  be  depofited  in  fome  particular  part, 
as  in  the  tefticles  or  feminal  veffels.  This 
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fluid  extra#  of  the  male,  when  mixed  with 
that  of  the  female,  the  fimilar  particles,  pof- 
fefling  a penetrating  force,  unite  and  form  a 
fmall  organized  body  like  one  of  the  two 
fexes,  and  no  more  than  expanfion  is  wanting 
to  render  it  a fimilar  individual,  and  which  it 
afterwards  receives  in  the  womb  of  the  female. 

The  fécond  queftion,  Whether  the  female 
has  really  a feminal  liquor  fimilar  to  the  male  ? 
demands  fome  difcuflion.  I fhall  firft  obferve, 
as  a certain  matter,  that  if  fuch  a fluid  exifts, 
the  manner  in  which  the  emiflion  of  the  female 
is  made  is  not  fo  apparent  as  by  the  male,  being 
in  general  retained  within  the  body The 
ancients  fo  little  doubted  of  the  female  having 
a feminal  liquor,  that  it  was  by  the  different 
mode  of  its  emiflion  that  they  diftinguifhed  the 
male  from  the  female.  But  phyficians,  who 
have  endeavoured  to  explain  generation  by  the 
egg,  or  by  fpermatic  animalcules,  infinuate 
that  females  have  no  particular  fluid,  that  we 
have  been  deceived  by  taking  the  mucus  for 
the  feminal,  and  that  the  fuppofition  of  the 
ancients  upon  this  fubje#  was  deftitute  of  all 

foundation. 

* Quod  intra  fe  femen  jacit  fæmina  vocatur  : quod  in  hac 
jacit,  mas,  Ariftotle,  art.  18  de  Animalibus. 
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foundation.  Neverthelefs  this  fluid  does  exift, 
and  it  has  only  been  doubted  by  thofe  who 
chofe  to  give  way  to  fyftems,  and  from  the 
difficulty  of  difcovering  the  parts  which  ferve 
for  its  refervoirs.  The  fluid  which  iflues 
from  the  glands  at  the  neck  of  the  womb,  and 
at  the  orifice  of  the  urethra,  has  no  apparent 
refervoir,  and  as  it  flows  outwardly  it  cannot 
be  thought  to  be  the  prolific  liquor,  fince  it 
cannot  concur  in  the  formation  of  the  foetus 
which  is  performed  within  the  matrix.  , The 
prolific  fluid  of  the  female  muff:  have  a refer- 
voir in  another  part.  It  flows  even  in  great 
plenty,  although  fuch  a quantity  is  not  necef- 
fary,  no  more  than  in  the  male,  for  the  pro- 
duction of  the  embrio.  It  is  fufficient  for 
propagation  if  ever  fo  little  of  the  male  fluid 
enters  the  matrix,  fo  it  meets  with  the  fmalleft 
drop  of  that  of  the  female  ; therefore  the  ob- 
fervations  of  fome  anatomifts,  who  have  pre- 
tended that  the  feminal  liquor  of  the  male  does 
not  enter  the  womb,  makes  nothing  againfl 
what  we  have  advanced,  efpecially  as  other 
anatomifts,  who  rely  onobfervations,  have  pre- 
tended the  contrary.  But  the  fubjeCtwill  be 
better  difcuffed  in  the  fubfequent  pages. 
vol.  11.  T t Having 
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Having  thus  given  anfwers  to  poffible  ob- 
jections, let  us  now  look  into  the  reafons 
which  may  ferve  as  proofs  to  our  explanation. 
The  firft  is  derived  from  the  analogy  there  is 
between  expanfion  and  reproduction  ; expan- 
fion  cannot  be  explained  in  a fatisfactory 
manner,  without  employing  thofe  penetrating 
powers,  and  thofe  affinities  or  attractions  we 
have  already  made  ufe  of  to  explain  the  for- 
mation of  fmall  organized  beings,  refembling 
the  great  ones  which  contain  them.  A fécond 
analogy  is,  that  nutrition  and  reproduction  are 
both  not  only  produced  by  the  fame  efficient, 
but  alfo  by  the  fame  material  caufe,  the  or- 
ganic particles  of  the  nutriment.  And  a proof 
that  it  is  the  fuperfluity  of  thofe  particles  which 
ferve  for  reproduction,  is  the  body  not  being 
in  a condition  to  propagate  before  they  have 
done  growing  ; and  we  daily  fee  in  dogs,  and 
other  animals,  who  more  exactly  follow  the 
laws  of  nature  than  we,  that  they  nearly  attain 
their  full  growth  before  they  attempt  to  copu- 
late, and  by  which  we  may  know  whether  a 
dog  will  increafe  any  more  or  not  ; for  we  may 
be  affured  he  will  not  after  being  in  a condition 
to  engender. 
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It  is  another  proof  that  the  fuperfluous  nu- 
triment forms  the  feminal  liquor,  that  eunuchs, 
and  all  mutilated  animals,  grow  larger  or 
thicker  than  thofe  who  have  not  that  deficiency. 
The  fuperabundance  of  nutriment  not  being 
able  to  evacuate,  for  the  defeat  of  proper  or- 
gans, alters  the  habit  of  the  body,  the  thighs, 
and  haunches  of  eunuchs,  grow  very  large:  the 
reafon  is  evident  ; after  their  body  has  attained 
the  common  fize,  if  the  fuperfluous  organic 
molecules  found  an  iflue,  as  in  other  men,  this 
growth  would  no  longer  increafe  ; but  as  there 
are  no  longer  organs  for  the  emiflion  of  the 
feminal  fluid,  which  is  no  more  than  the  fu- 
perfluous  matter  which  ferved  for  growth  re- 
mains, it  endeavours  to  expand  the  parts  be- 
yond their  ufual  dimenfions.  Now  it  is  known, 
that  the  growth  of  the  bones  is  made  by  the 
extremities,  which  are  foft  and  fpongy,  and 
when  they  have  once  acquired  folidity,  they 
are  no  longer  capable  of  extenfion  ; and  for  this 
reafon,  the  fuperfluous  organic  particles  can 
only  expand  the  fpongy  extremities  of  bones, 
which  caufes  the  thighs,  knees,  &c.  of  eunuchs 
to  thicken  fo  confiderably. 

But  what  more  ftrongly  proves  the  truth  of 
our  explanation,  is  the  refemblance  of  chil- 
T t 2 dren 
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dren  to  their  parents.  A fon,  in  general,  more 
refembles  his  father  than  his  mother,  and  the 
daughter  more  her  mother  than  her  father; 
becaufe  a man  has  a greater  refemblance  to  a 
man  than  to  a woman,  and  a woman  refembles 
more  a woman  than  a man,  in  refpeft  to  the 
whole  habitude  of  the  body  ; but  for  the  fea- 
tures and  particular  habits,  children  fometimes 
refemblethe  father,  fometimes  the  mother,  and 
fometimes  both.  They  will  have,  for  example, 
the  father’s  eyes,  and  the  mouth  of  the  mother, 
or  the  complexion  of  the  latter,  and  the  fize 
of  the  former  ; which  is  impoflible  to  be  con- 
ceived, unlefs  it  is  admitted  that  both  parents 
have  contributed  to  the  formation  of  the  child, 
and  that  confequently  there  was  a mixture  of 
the  two  feminal  fluids. 

I acknowledge  that  refemblances  raifedmany 
difficulties  in  my  own  mind  ; before  I had  ma- 
turely examined  the  queftion  of  generation,  I 
was  prepoflefled  with  ideas  of  a mixed  fyftem, 
by  which  it  appeared  that  I could  explain 
in  a probable  manner  every  phenomena,  ex- 
cepting refemblances,  and  thefe  I thought  I 
had  found  very  fpecious  reafons  to  doubt,  and 
which  deceived  me  a long  time,  until  having 
minutely  obferved  with  all  the  exa&nefs  I was 
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capable  of,  a great  number  of  families,  and 
efpecially  the  mod  numerous,  I have  not  been 
able  to  refill  the  multiplicity  of  proofs  ; it  is 
only  after  being  fully  convinced  in  this  re- 
fpeét,  that  I have  began  to  think  differently, 
and  to  credit  what  I now  believe  to  be  the 
fa£l. 

Befides,  although  I had  found  the  mode  to 
avoid  thofe  arguments  that  would  be  made  on 
the  fubjeft  of  mulattos,  mongrels,  and  mules, 
I could  not  be  prevented  from  obferving  that 
every  explanation,  where  a reafon  could  be 
given  for  the  phenomena,  cannot  be  fatisfac- 
tory  ; and  I am  now  perfe&ly  convinced  that 
the  objeétions  which  might  be  ufed  with  re- 
fpe£t  to  them,  as  well  as  particular  parental 
refemblances,  inftead  of  oppofing  would  con- 
firm my  explanation. 

I now  proceed  to  draw  fome  confequences. 
In  youth  the  feminal  fluid  is  lefs  abundant, 
although  more  flimulating  ; its  quantity  en- 
creafes  to  a certain  age,  becaufe  in  proportion 
as  we  approach  that  age,  the  parts  of  the  body 
become  more  folid,  admit  lefs  nutriment,  fend 
back  a greater  quantity  to  the  common  re- 
fervoirs,  and  confequently  produce  a greater 
abundance  of  feminal  fluid.  When  the  ex- 
ternal 
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ternal  organs  have  not  been  ufed,  perfons  of  a 
middling  age,  and  even  old  men,  more  eafily 
engender  than  young  ones.  This  is  evident 
in  the  vegetable  fyftem,  the  older  a tree  is,  the 
more  fruit  or  feed  it  produces. 

Young  people  who  emit,  or  force  irritation, 
draw  a greater  quantity  of  feminal  fluid  towards 
the  organs  of  generation  than  would  naturally 
arrive  there,  the  confequence  is  they  ceafe  from 
growing,  become  thin,  and  fall  at  length  into 
confumptions,  and  that  becaufe  they  lofe  by 
premature,  and  too  often  reiterated  evacuations, 
the  neceflary  fubftance  for  the  growth  and  nu- 
trition of  every  part  of  the  body. 

Thofe  whofe  bodies  are  thin  without  ema- 
ciation, or  flejhy  without  being  fat,  are  the 
moft  vigorous  ; as  foon  as  the  fuperabundant 
nutriment  has  began  to  form  fat  it  is  always 
at  the  expence  of  the  feminal  fluid,  and  other 
faculties  of  generation.  When  alfo,  not  only 
the  growth  of  every  part  of  the  body  is  en- 
tirely completed,  but  the  bones  are  grown 
folid,  the  cartillages  begin  to  oflify,  the  mem- 
branes have  received  all  the  folidity  poflible, 
the  fibres  are  become  hard  and  rough,  and 
at  length  every  part  of  the  body  can  no 
longer  fcarcely  admit  of  nutriment,  the  fat 

confiderably 


NATURAL  HISTORY.  327 

€onfiderably  increafes,  and  the  quantity  of  fe- 
minai  fluid  diminilhes,  becaufe  the  fuperfluous 
particles,  (lopped  in  every  part  of  the  body,  and 
the  fibres,  having  no  longer  any  fupplenefs  or 
elafticity,  cannot  return  it  itito  the  refervoirs  of 
generation. 

The  feminal  liquor  not  only  becomes  more 
abundant  till  a certain  age,  but  it  alfo  becomes 
thicker,  and  contains  a greater  quantity  of 
matter  under  the  fame  bulk.  A perfon,  very 
obfervant  in  this  point,  allured  me  that  the  fe- 
minal fluid  is  as  heavy  again  as  the  blood,  and 
confequently  fpecifically  heavier  than  any  other 
fluid  of  the  body. 

When  a man  is  in  good  health  the  evacuation 
of  this  fluid  produces  an  appetite,  and  he  foon 
feels  the  neceflity  of  repairing,  by  a new  nutri- 
ment, the  lofs  of  the  old;  from  whence  it  maybe 
concluded,  that  the  moll  efficacious  check  to 
every  kind  of  luxury  is  abftinence  and  falling. 

A number  of  other  things  remain  to  be  faid 
on  this  fubjeét,  but  which  I have  treated  of  in 
the  Hiltory  of  Man  ; however,  before  I en- 
tirely clofe  I lhall  make  fome  few  obferva- 
tions.  The  greateft  part  of  animals  do  not 
feek  for  copulation  until  they  are  nearly  arrived 
at  their  full  growth  ; thole  which  have  only  a 
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particular  feafon  in  the  year  have  only  feminal 
liquor  at  that  time.  A very  capable  obferver 
of  Nature*  not  only  faw  this  liquor  forming 
in  the  roe  of  a Calmar,  but  even  obferved  the 
fpermatic  animals  and  the  roe  itfelf,  which 
have  no  exiftence  till  the  month  of  Oftober, 
the  time  when  the  Calmar  fpawns  on  the  coaft 
of  Portugal,  where  Mr.  Needham  made  thefe 
obfervations.  As  foon  as  the  feafon  is  over 
neither  feminal  liquor  nor  fpermatic  animals 
are  longer  feen  in  the  milt,  which  then  dries  up 
and  becomes  imperceptible  till  the  feafon  re- 
turns in  the  fucceeding  year,  when  the  fuper- 
fluous  nutriment  renews  the  milt,  and  fills  it  as 
before.  In  the  hiftory  of  the  ftag  we  have  an 
opportunity  of  remarking  on  the  different  ef- 
fets of  rutting  ; the  moft  general  is,  the  in- 
creafed  fize  of  the  animal  ; and  in  thofe  kinds 
of  animals  whofe  rutting  or  fpawning  is  only 
made  at  great  intervals,  the  extenuation  of  the 
body  is  proportionably  great. 

As  women  are  fmaller  and  weaker  than 
men,  of  a more  delicate  temperament,  and  eat 
much  lefs,  it  is  natural  to  imagine  that  their 
fuperfluous  organic  particles  are  not  fo  plenti- 
ful ; 

* Mr.  Necdhaip’s  New  Microfcopical  Difcoveries,  London, 
*745- 
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ful  ; from  hence  their  feminal  liquor  will  be 
weaker,  and  lefs  in  quantity,  than  that  of  men. 
Since,  likewife,  the  feminal  liquor  of  females 
contains  fewer  organic  particles  than  that  of 
males,  muft  there  not  refult  a greater  number 
of  males  than  females  from  the  mixture  of 
thefe  two  liquors  ? This  is  really  the  cafe,  for 
which  it  has  hitherto  been  thought  impoffible 
to  find  a reafon.  About  a fixteenth  more  male 
children  are  born  than  females  ; and  we  find 
that  the  fame  caufe  produces  the  fame  effect  in 
all  kinds  of  animals  on  which  we  have  been 
able  to  make  this  obfervation. 


CHAPTER  v. 

EXPOSITION  OF  THE  SYSTEMS  IN  GENERATION. 


PLATO  # not  only  explains  the  generation 
of  man,  animals,  plants,  and  elements,  but 
even  that  of  heaven  and  the  gods,  by  reflected 
reprefentations  and  images  extradled  from  the 
vol.  il.  U u Divine 


* See  the  Timæus. 
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Divine  Creator,  which,  by  an  harmonie  mo- 
tion, are  ranged  according  to  the  properties  of 
numbers  in  the  moft  perfect  order.  The 
univerfe,  according  to  him,  is  a copy  of  the 
Deity  : time,  fpace,  motion,  and  matter,  are 
images  of  his  attributes  ; and  fecondary  and 
particular  caufes  are  refults  of  numerical  and 
harmonical  qualities  of  thofe  reprefentations. 
The  world  is  the  moft  perfect  being,  and  to 
have  a complete  perfection  it  was  neceffary  that 
it  contained  every  other  animal,  every  poftible 
reprefentation,  and  every  imaginable  form,  of 
the  creative  faculty.  The  effence  of  all  ge- 
neration confifts  in  the  unity  and  harmony  of 
the  number  Three,  or  of  the  triangle,  viz.  that 
which  generates,  that  in  which  generation  is 
performed,  and  that  which  is  engendered. 
The  fucceflion  of  individuals  in  the  fpecies 
is  only  a fugitive  image  of  the  immutable 
eternity  of  this  triangular  harmony,  the  uni- 
verfal  prototype  of  every  exiftence  and  every 
generation;  for  this  reafon  two  individuals  are 
required  to  produce  a third,  and  it  is  this  which 
conftitutes  the  ellential  order  of  father,  mother, 
and  child. 

This  philofopher  is  a painter  only  of  ideas  ; 
difengaged  from  matter  he  elevates  into  the 
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regions  of  abftraCtion,  and,  lofing  fight  of  fen- 
fible  objeCts,  perceives  and  contemplates  the 
intellectual  alone.  One  caufe,  one  end,  and 
one  foie  mode,  form  the  whole  of  his  percep- 
tions. God  is  the  caufe,  perfection  the  end, 
and  harmonic  reprefentations  the  modes.  What 
can  be  a more  fublime  idea  ! This  plan  of 
philofophy  is  replete  with  fimplicity,  and  the 
views  truly  noble!  but  how  void  and  deflitute 
for  fpeculation  ? We  are  not  purely  fpiritual 
beings,  nor  have  we  the  power  to  give  a real 
exiflence  to  our  ideas.  Confined  to  matter, 
or  rather  dependent  on  what  caufes  our  fenfa- 
tions,  the  real  fubflance  can  never  be  produced 
by  the  abftraCted.  I anfwer  Plato  in  his  own 
language,  “ The  Creator  realizes  every  thing 
he  conceives  ; his  perceptions  engender  exifl- 
ence : the  created  being,  on  the  contrary,  con- 
ceives nothing  by  retrenching  them  but  from 
reality,  and  the  production  of  his  ideas  do  not 
amount  to  any  thing.” 

Let  us  then  content  ourfelves  with  a more 
humble  and  more  material  philofophy,  and  by 
keeping  within  the  fphere  Nature  has  allotted 
us;  let  us  examine  the  rafh  fteps  and  the  rapid 
flight  of  thofe  who  attempt  to  foar  beyond  it. 
AH  this  Pythagorean  philofophy,  which  is 
U u 2 purely 
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purely  intellectual,  turns  entirely  on  two  prin- 
ciples, one  of  which  is  falfe  and  the  other  pre- 
carious : thofe  are,  the  real  power  of  abftrac- 
tion  and  the  actual  exiftence  of  final  caufes. 
To  take  numbers  for  real  beings  ; to  fay  that 
unity  is  a general  individual,  which  not  only 
reprefents  every  individual,  but  even  commu- 
nicates exiftence  to  them  ; to  pretend  that 
unity  has  the  actual  power  to  engender  another 
unity  nearly  fimilar  to  itfelf,  and  conftituting 
two  individuals,  two  Tides  of  a triangle,  which 
can  have  no  bond  or  perfection  without  a third 
fide,  or  by  a third  individual,  which  they  ne- 
ceftarily  engender.  To  regard  numbers,  geo- 
metrical lines,  and  metaphvfical  abftractions, 
as  efficient  and  real  phyfical  caufes,  on  which 
the  formation  of  the  elements,  the  generation 
of  animals  and  plants,  and  all  the  phenomena 
of  Nature  depend,  feems  to  me  to  be  the  moft 
abfurd  abufe  of  reafon,  and  the  greateft  obftacle 
that  can  be  put  againft  the  advancement  of 
our  knowledge.  Befules,  what  can  be  more 
falfe  than  fuch  fuppofitions  ? Admitting,  with 
Plato  and  Malebranche,  that  matter  does  not 
exift,that  external  objects  are  only  ideal  images 
of  the  creative  faculty,  and  that  we  perceive 
every  thing  in  the  Deity,  muft  it  be  concluded 
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from  thence  that  our  ideas  ffiould  be  of  the  fame 
order  as  thofe  of  the  Creator,  or  that  they  can 
produce  exigences  ? Are  not  we  dependent  on 
our  fenfations?  Whether  the  objects  that  caufe 
them  are  real  or  not  : whether  this  caufe  of 
our  fenfations  exifts  outwardly  or  inwardly  ; 
whether  it  be  the  Creator  or  matter  we  per- 
ceive what  does  it  fignify  to  us  ? Are  we  lefs 
certain  of  being  always  affected  in  the  fame 
manner  by  the  fame  caufes  ? Have  not  our 
fenfations  an  invariable  order  of  exiftence,  and 
a neceffary  relation  between  them  and  the  ob- 
jects? This,  therefore,  is  what  muff  confti- 
tute  the  principles  of  our  philofophy  , and  what 
has  no  relation  with  it  is  vain,  ufelefs,  and  falfe 
in  the  application.  Can  a triangular  harmony 
form  the  fubftance  of  the  elements  ? Is  fire, 
as  Plato  affirms,  an  acute  triangle,  and  light 
and  heat  properties  of  this  triangle  ? Air  and 
water,  are  they  reâangular  and  equilateral 
triangles?  Is  the  form  of  the  terreflrial  ele- 
ment a fquare,  beeaufe,  being  the  leaft  perfe£l 
of  all  the  four  elements,  it  recedes  as  much  as 
poffible  from  a triangle  without  lofing  its 
effence  r Do  the  male  and  female  embrace 
only  to  complete  the  triangle  of  generation  ? 
Thefe  platonic  ideas  have  two  very  different 
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afpe&s.  In  fpeculation  they  feem  to  flow  from 
noble  and  fublime  principles,  but  in  application 
nothing  but  falfe  and  puerile  confequences  can 
be  drawn  from  them. 

Is  it  difficult  to  difcover  that  our  ideas  pro- 
ceed only  from  our  fenfes  ? that  the  things  we 
look  on  as  real  and  exifting  are  thofe  of  which 
our  fenfes  have  always  rendered  us  the  fametefti- 
mony  ? that  thofe  which  we  conceive  to  have 
certain  exiftence  are  thofe  which  ever  prefent 
themfelves  in  the  fame  order  ? that  confequent- 
ly  our  ideas,  very  far  from  being  the  caufes  of 
things,  are  onlyeffeéts,  and  fo  far  from  refem- 
bling  particular  things,  become  lefs  fi milar  to 
the  objects  as  they  are  more  general  ; that  at 
length  our  mental  abftradtions  are  only  nega- 
tive beings,  which  do  not  exift  even  intellec- 
tually but  by  the  retrenchment  which  we  make 
of  fenfible  qualities  to  real  beings. 

From  hence  is  it  not  plain  that  abftracftions 
can  never  become  principles,  neither  pf  exift- 
ence nor  real  knowledge  ? on  the  contrary, 
our  knowledge  can  only  proceed  from  the  re- 
fults  of  properly  comparing  our  fenfations. 
Thefe  refults  are  what  is  termed  experience , 
the  foie  fource  of  all  real  fcience.  The  adop- 
tion of  every  other  principle  is  an  abufe,  and 

every 
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every  edifice  built  on  abftraCted  ideas  is  a temple 
founded  on  error. 

Error  bears  a much  more  extended  lignifica- 
tion in  philofophy  than  in  morality  : in  morals 
a thing  may  be  falfe,  only  becaufe  it  is  mifre- 
prefented.  Metaphyfical  falfehood  confifts  not 
only  in  mifreprefentation  alone,  but  in  cre- 
diting that  which  has  no  exigence,  and  even 
in  not  being  of  any  mode  whatever.  It  is 
in  this  kind  of  error,  of  the  firft  order,  that 
the  Platonifts,  the  Sceptics,  and  the  Egotifls 
have  fallen  into,  their  falfe  fuppofitions  have 
obfcured  the  natural  light  of  truth,  clouded 
reafon,  and  retarded  the  advancement  of  phi- 
lofophy. 

The  fécond  principle  made  ufe  of  by  Plato, 
and  by  mcft  of  the  fpeculative  philofophers,  is  a 
final  caufe.  Neverthelefs,  to  reduce  this  prin- 
ciple to  its  juft  value,  a fingle  moment  of  re- 
flection is  only  requifite.  To  fay  there  is  light 
becaufe  we  have  eyes,  and  founds  becaufe  we 
have  ears,  or  to  fay  that  wre  have  ears  and  eyes 
becaufe  there  is  light  and  found,  is  it  not  exact- 
ly the  fame  thing  ? fhall  we  ever  difcover  any 
thing  by  this  mode  of  explanation  ? is  it  not 
evident  that  final  caufes  are  only  arbitrary  rela- 
tions and  moral  abftraCtions,  which  fhould  im- 
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pofe  on  us  (till  lefs  than  metaphyfical  abflrac- 
tions,  becaufe  their  origin  is  lefs  noble  and  a 
more  falfe  fuppofition  ; and  although  Leibnitz 
has  endeavoured  to  raife  this  principle  to  the 
higheft  degree  by  the  name  of  fufficient  reafon , 
and  Plato  has  reprefented  it  by  the  moft  flatter- 
ing portrait,  under  the  title  of  perfection,  yet  it 
cannot  prevent  our  feeing  it  as  trifling  and  pre- 
carious. Are  we  better  acquainted  with  the 
effeCts  of  Nature,  from  being  told  that  nothing 
is  made  without  a reafon,  or  that  all  is  made  in 
view  of  perfection?  What  is  this  fufficient  rea- 
fon ? what  is  this  perfection  ? are  they  not 
moral  beings  created  by  intellects  purely  hu- 
man ? are  they  not  arbitrary  relations  which  we 
have  generalized  ? on  what  are  they  founded  ? on 
moral  affinities  which,  far  from  producing  any 
phyfical  or  real  exiftence,  only  alter  the  reality 
and  confound  the  objects  of  our  fenfations,  per- 
ceptions and  knowledge,  with  thofe  of  our  fen- 
timents,  our  paffions  and  our  wills. 

I could  adduce  many  arguments  on  this  fub- 
ject,but  Ido  not  pretend  to  make  a treatife  on 
philofophy,  and  lhall  return  to  phyfics,  from 
which  the  ideas  of  Plato  on  univerfal  generation 
made  me  digrefs.  Ariftotle,  who  was  as  great 
a philofopher  as  Plato  and  a much  better  phy- 
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fician,  inftead  of  lofing  himfelf  in  the  region 
of  hypothefes,  relied,  on  the  contrary,  on  col- 
lected facts,  and  fpeaks  in  a more  intelligible 
language. 

Matter,  which  is  only  a capacity  of  receiving 
forms,  takes  in  generation  a form  like  that 
of  the  individual  which  furnifhes  it;  and  with 
refpect  to  the  generation  of  animals  that  have 
fexes,  he  thinks  that  the  male  alone  furnifhes 
the  prolific  principle,  and  that  the  female  af- 
fords nothing  that  can  be  looked  upon  as  fuch 
For  though  he  fays  elfewhere,  fpeaking  of  ani- 
mals in  general,  that  the  female  emits  a feminal 
fluid  within  herfelf,  yet  he  does  not  regard  that 
as  a prolific  principle  : neverthelefs,  according 
to  him,  the  menftrual  blood  ferves  for  the  for- 
mation, growth,  and  nutriment  of  the  foetus, 
but  the  efficient  principle  exifts  only  in  the  fe- 
minal fluid  of  the  male,  which  does  not  act  like 
matter,  but  as  the  caufe.  Averrhois,  Avi- 
cenna, and  other  philofophers,  who  followed 
the  fentiments  of  Ariftotle,  have  fought  for  rea- 
fons  to  prove  that  females  have  no  prolific  fluid; 
they  urge,  that  as  females  have  a menftrual 
fluid  that  was  necelfary  and  fufficient  for  gene- 
VOL.  II.  X x ration, 
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ration,  it  docs  not  appear  natural  to  fuppofc 
they  poffefs  any  other  ; particularly  becaufe  it 
begins  to  appear,  like  the  feminal  fluid  in  the 
males,  at  the  age  of  puberty  ; befides,  continue 
they,  if  females  have  really  a feminal  and  proli- 
fic fluid,  why  do  they  not  produce  without  the 
approach  of  the  male,  fince  they  contain  the 
prolific  principle  as  well  as  the  matter  neceffary 
for  the  nutriment  and  growth  of  the  embryo  ? 
this  laft  reafon  feems  to  be  the  only  one  which 
merits  any  attention.  The  menftrual  blood 
feems  to  be  neceffary  for  the  fupport,  nutri- 
ment and  growth  of  the  foetus,  but  it  can  have 
no  part  in  the  firft  formation,  which  is  made  by 
the  mixture  of  two  fluids  alike  prolific.  Fe- 
males therefore  may  have,  as  well  as  the  males, 
a prolific  fluid  for  the  formation  of  the  embryo, 
befides  the  menftrual  blood  for  its  nutriment 
and  expanfion,  and  certainly  a female  being 
poffeffed  of  a prolific  fluid,  extracted  from  all 
parts  of  her  body,  as  well  as  the  neceffary 
means  of  nourifhment  and  expanfion,  it  is  no 
impoffible  imagination  that  (he  would  produce 
females  without  any  communication  with  the 
male.  It  muft  be  allowed,  that  this  metaphy- 
fical  reafoning  which  the  Ariftotelians  adopt  to 
prove  that  females  have  no  prolific  fluid,  may 
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become  the  moft  confiderable  objection  that  can 
be  made  againft:  all  fyftems  of  generation,  and 
particularly  againft  our  explanation. 

Let  us  fuppofe,  it  may  be  faid,  as  you  have 
attempted  to  prove,  that  the  fuperfluous  orga- 
nic molecules  are  fent  back  into  the  tefticles 
and  feminal  veflels  of  the  male,  why,  by  the 
power  of  your  fuppofed  attracting  forces,  do 
they  not  form  fmall  organized  beings,  per- 
fectly refembling  the  male  ? and  for  the  fame 
reafon  fimilar  beings  in  the  female  ? If  you  an- 
fwer,  that  there  is  an  appearance  that  the  liquor 
of  the  male  contains  only  males,  and  that  of 
the  female  only  females,  but  that  all  thefe 
perifh  for  want  of  the  neceffary  means  for  ex- 
panfion,  and  that  there  are  only  thofe  formed 
by  the  mixture  of  both  which  can  expand  and 
come  into  the  world  ; may  we  not  be  alked 
why  this  mode  of  generation,  which  is  the 
moft  complicated,  difficult,  and  leaft  abundant, 
is  that  which  Nature  prefers  in  fo  ftriking  a 
manner,  that  almoft  all  animals  multiply  by 
this  mode  of  communication  of  the  male  with 
the  female  ? 

I ffiall  content  myfelf  at  prefent  withanfwer- 
ing,  that  the  faét  is  fuch  as  we  have  reprefent- 
ed  it  ; the  objection  becomes  a facft  queftion  ; 
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to  which,  as  we  have  obferved,  there  is  no 
other  folution  to  be  given  than  that  of  the  fa<S 
itfelf.  It  may  be  infided,  it  is  the  mod  com- 
plicated mode  of  produ&ion  ; yet  this  mode, 
which  appears  the  mod  complicated  to  us,  is 
certainly  the  mod  fimple  for  nature,  becaufe, 
as  we  have  remarked,  what  happens  the  mod 
often,  however  difficult  it  may  appear  to  our 
ideas,  mud  in  reality  be  the  mod  fimple  ; which 
does  not  prevent  us  from  conceiving  it  to  be 
complex,  as  we  judge  of  it  according  to  that 
knowledge  which  our  fenfes  and  refle&ions 
can  give  us  thereon. 

The  aflertion  of  the  Aridotelians,  that  fe- 
males have  no  prolific  fluid,  mud  fall  to  the 
ground,  if  we  pay  attention  to  the  refemblance 
of  children  to  their  mothers,  of  mules  to  the 
female  that  produces  them,  of  mongrels  and 
mulattos,  all  of  which  refemble  more  the  mo- 
ther than  the  father.  If,  befides  thefe,  we 
confider  the  organs  of  females  are,  like  thofe 
of  the  males,  formed  fo  as  to  prepare  and 
receive  the  feminal  fluid,  we  fhall  be  readily 
perfuaded  that  fuch  a fluid  mud  exid,  whether 
it  refides  in  the  fpermatic  veflels,  the  tedicles, 
or  in  the  matrix  ; or  whether  it  iflues  when 
provoked,  by  the  paflages  of  de  Graaf  fi- 
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tuated  at  the  neck,  and  near  the  external  ori- 
fice of  the  urethra. 

But  it  is  right  here  to  examine  the  ideas  of 
Aridotle  more  generally  on  the  fubjeft  of 
generation,  becaufe  this  great  philofopher  has 
written  the  mod  on  the  fubjeét,  and  treated 
it  the  mod  generally.  He  didinguifhes  ani- 
mals into  three  clafles  ; fird,  thofe  which  have 
blood,  and  excepting  fome  few,  multiply  by 
copulation  ; the  fécond,  thofe  which  have  no 
blood,  but  being  at  the  fame  time  both  male 
and  female,  produce  of  themfelves,  and  without 
copulation;  and  thirdly,  thofe  bred  by  putrefac- 
tion, which  do  not  owe  their  origin  to  parents 
of  any  kind.  I fhall  fird  remark,  that  this  di- 
vifion  mud  not  be  admitted  of  ; for  though  in 
fa£t  all  kinds  of  animals  which  have  blood 
are  compofed  of  males  and  females,  it  is  not 
equally  true  that  animals  who  have  no  blood 
are  for  the  mod  part  male  and  female  in  one  ; 
for  we  are  only  acquainted  with  the  fnail  and 
worm  on  earth  which  are  in  this  date  ; nor 
can  we  afcertain  whether  all  Ihell-fifh,  and 
other  animals  which  have  no  blood  be  her- 
maphrodites. With  refpeél  to  thofe  animals 
which  he  fays  proceed  from  putrefa&ion,  as 
$ie  has  not  enumerated  then},  m^ny  excep- 
tions 
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tions  occur  ; for  moft  of  the  kinds  which  the 
ancients  thought  engendered  by  putrefa&ion 
have  been  difcovered  by  the  moderns  to  be  the 
produce  of  eggs. 

After  this  he  makes  a fécond  divifion  of 
animals  ; thofe  which  have  the  faculty  of 
moving  themfelves  progreffively,  as  walking, 
flying,  fwimming,  and  thofe  which  have  no 
fuch  faculty.  All  animals  which  can  move, 
and  have  blood,  have  fexes  ; but  thofe  which, 
like  oyfters,  are  adherent,  or  who  fcarcely 
move  at  all,  have  no  fex,  and  are  in  this  re- 
fpe£fc  like  plants,  diftinguifhed  only,  as  he 
fays,  into  males  and  females  by  difference  of 
fize.  It  is  not  yet  afcertained  whether  fhell- 
fifh  have  fexes  or  not  ; there  are  in  the  oyfter- 
kind  fruitful  individuals,  and  others  which 
are  not  fo  ; thofe  which  are  fruitful  are  di- 
ftinguifhed by  a delicate  border  which  fur- 
rounds  the  body  of  the  oy(ter,  and  they  are 
called  males  #. 

But  to  proceed,  the  male,  according  to 
Ariflotle,  includes  the  principle  of  generative 
motion,  and  the  female  contains  the  material 
parts  of  generation*  The  organs  which  ferve 
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for  this  purpofe  are  different  in  the  different 
kind  of  animals  ; the  principal  are  the  tefticles 
in  the  males,  and  the  matrix  in  the  females. 
Quadrupeds,  birds,  and  cetaceous  animals, 
have  tefticles  ; fifti  and  ferpents  are  deprived  of 
them  ; but  they  have  both  proper  conduits  to 
receive  and  prepare  the  feed.  Thefe  cffential 
parts  are  always  double,  both  in  the  male  and 
female,  and  ferves  in  males  to  ftop  the  motion 
of  the  blood,  which  forms  the  feed.  This  he 
proves  by  the  example  of  birds,  whofe  tefticles 
fvvell  in  the  feafon  of  their  amours,  and  dimi- 
nifti  fo  greatly  when  this  feafon  is  over  that 
they  are  fcarcely  perceptible. 

All  quadrupèdes,  as  horfes,  oxen,  &c.  which 
are  cloathed  with  hair,  and  cetaceous  fifties,  as 
dolphins  and  whales,  are  viviparous  ; but  car- 
tilaginous animals,  and  vipers,  are  not  truly  vi- 
viparous, becaufe  they  produce  an  egg  with- 
in themfelves  before  the  live  animal  appears. 
Oviparous  animals  are  of  two  kinds,  thofe 
which  produce  perfect  eggs,  as  birds,  lizards, 
turtles,  &c.  and  thofe  which  produce  imperfect 
eggs,  as  fifties,  whofe  eggs  augment  and  come 
to  perfection  after  they  have  been  laid  in  the 
water  by  the  female  ; and  in  all  kinds  of  ovi- 
parous animals,  excepting  birds,  the  females 
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are  generally  larger  than  the  males,  as  fifhes, 
lizards,  &c. 

After  having  mentioned  thefe  general  va* 
rieties  in  animals,  Ariftotle  begins  with  exa- 
mining the  opinion  of  the  ancient  philofo- 
phers,  that  the  feed,  as  well  of  the  male  as  of 
the  female,  proceeded  from  all  parts  of  the 
body  ; he  declares  againft  this  opinion,  be- 
caufe,  he  fays,  although  children  often  re- 
ferable their  fathers  and  mothers,  they  alfo 
fometimes  refemble  their  grandfathers  ; and, 
befides,  they  refemble  their parentsby  the  voice, 
hair,  nails,  carriage,  and  manner  of  walk- 
ing. Now  the  feed,  he  continues,  cannot  pro- 
ceed from  the  hair,  voice,  nails,  or  any  ex- 
ternal quality,  like  that  of  walking  ; therefore 
children  do  not  refemble  their  parents  becaufe 
the  feed  comes  from  every  part  of  the  body, 
but  for  fome  other  reafon.  It  appears  to  me 
unneceffary  here  to  point  out  the  weaknefs  of 
thefe  arguments  ; I fhall  only  obferve,  that  it 
appears  to  me  this  great  man  exprefsly  fought 
after  methods  to  feparate  himfelf  from  the 
fentiments  of  thofe  philofophers  who  preceded 
him  ; and  I am  perfuaded,  that  whoever  reads 
his  treatife  on  generation  with  attention,  will 
difcover  that  a ftrong  defign  of  giving  a new 
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fyftem,  different  from  that  of  the  ancients, 
obliged  him  always  to  give  the  preference  to 
the  leaft  probable  reafons,  and  to  elude,  as 
much  as  he  could,  the  for, ce  of  proofs,  when 
they  were  contrary  to  his  general  principles 
of  philofophy. 

According  to  Ariftotle  the  feminal  liquor  is 
fecreted  from  the  blood  ; and  the  menflrua,  in 
females,  is  a fimilar  fecretion,  and  the  only  one 
which  ferves  for  the  purpofe  of  generation.  Fe- 
males, he  fays,  have  no  other  prolific  liquor  ; 
there  is,  therefore,  no  mixture  of  that  of  the 
male  with  that  of  the  female.  He  pretends  to 
prove  this  from  feme  women  conceiving  with-* 
out  receiving  the  leaft  pleafure,  and  becaufe 
few  women  emit  this  liquor  externally  during 
copulation  ; that  in  general  thofe  who  are 
brown,  and  have  a mafeuline  appearance,  do 
not  emit  at  all,  yet  engender  equally  with  thofe 
who  are  more  fair  in  complexion  and  femi- 
nine in  appearance,  and  whofe  emiflions  are 
confiderable.  Thus  he  concludes  woman  fur- 
nifhes  nothing  but  the  menftrual.  This  blood 
is  the  matter  of  generation  ; and  the  feminal 
fluid  of  the  male  does  not  contribute  as  mat- 
ter but  as  form  ; it  is  the  efficient  caufe,  the 
principle  of  motion  ; it  is  to  generation  what 
vol.  il.  Y y the 
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the  fculptor  is  to  a block  of  marble  : the 
liquor  of  the  male  is  the  fculptor,  the  men- 
ftrual  blood  the  marble,  and  the  foetus  the 
image. 

The  menftrual  blood  receives  from  the  male 
feed  a kind  of  foul,  which  gives  life  and  mo- 
tion. This  foul  is  neither  material  nor  imma- 
terial, becaufe  it  can  neither  aft  upon  matter 
nor  enter  in  generation  as  matter,  the  men- 
ftrual blood  being  all  that  is  neceffary  for  that 
purpofe.  It  is,  fays  our  philofopher,  a fpirit, 
whofe  fubftance  is  like  that  of  the  ftarry  re- 
gion. The  heart  is  the  firft  work  of  this 
foul  ; it  contains  in  itfelf  the  principle  of  its 
own  growth  ; and  it  has  the  power  to  arrange 
the  other  members.  The  menftrual  blood 
contains  every  other  principle  of  all  the  parts 
of  the  foetus  : the  foul,  or  fpirit,  of  the  male 
feed,  makes  the  heart  begin  to  aft,  and  that 
communicates  the  power  of  bringing  the  other 
vifcera  to  aftion  ; and  thus,  fucceflively,  h 
every  part' of  the  animal  unfolded  and  brought 
into  motion.  All  this  appeared  very  clear  to 
our  philofopher  ; there  only  remained  to  him 
one  doubt,  which  was,  whether  the  heart  was 
realized  before  the  blood  ; and  in  faft  he  had 
reafon  for  this  doubt  ; for,  although  he  had 
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adopted  the  opinion  of  the  heart  exifting  firft, 
Harvey  has  fince  pretended,  by  reafons  of  the 
fame  kind  as  thofe  ufed  by  Ariftotle,  that  it 
was  not  the  heart  but  the  blood  which  is  firft 
realized. 

This  is  the  fyftem  that  great  philofopher  has 
given  us  of  generation,  and  I (hall  leave  it  to 
the  opinion  of  the  reader  whether  that  of  the 
ancients,  which  he  rejefts,  can  be  more  ob- 
fcure  or  more  abfurd  than  his  ; neverthelefs, 
his  fyftem  has  been  followed  by  moft  of  the 
learned.  Harvey  has  not  only  adopted  the 
ideas  of  Ariftotle,  but  has  added  new  ones  of 
the  fame  kind.  As  this  fyftem  of  generation 
is  of  the  fame  kind  as  the  reft  of  Ariftotle’s 
philofophy,  where  form  and  matter  are  the 
grand  principles  ; where  the  vegetative  and 
fenfitive  are  the  a6iive  beings  in  Nature  ; and 
where  final  caufes  are  real  objects  ; I am  not 
furprifed  that  it  has  been  received  by  fcholaftic 
authors  ; but  it  is  aftonifhing  that  fo  able  a 
phyfician  and  obferver  of  Nature  as  Harvey 
was  fhould  be  carried  away  with  the  ftream, 
while  every  phyfician  followed  the  opinion  of 
Hippocrates  and  Galen  ; which  we  (hall  ex- 
plain in  order.  We  muft  not,  however,  imbibe 
a difadvantageous  idea  of  Ariftotle  from  the 
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above  expofition  of  his  Syftem  of  Generation. 
It  would  be  like  judging  of  Defcartes  by  his 
Treatife  on  Man.  The  explanations  which 
thefe  two  philofophers  give  of  the  formation  of 
the  fœtus,  fliould  not  be  confidered  as  complete 
fyftenas  on  the  fubject  of  generation  ; they  are 
rather  general  confequences  drawn  from  their 
philofophical  principles. 
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